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Practice guidelines that recommend active patient involvement in
decisions about preventive health interventions are becoming
increasingly common. These decisions frequently involve difficult
trade-offs between competing risks and benefits that require easily
accessible information about the expected outcomes, superb
doctor—patient communication, and effective integration of objec-
tive outcome data with individual values and preferences.
Successful implementation of recommendations for shared decis-
ion-making in preventive health care will require the development
of efficient methods for making these complex decisions in busy
practice settings. This article describes how the analytic hierarchy
process, a multiple criteria decision-making method, could facilitate
successful implementation of shared decision-making regarding
preventive health care in clinical practice. The method is illustrated
using recent guidelines for colorectal cancer screening for average
risk patients issued by the American Gastroenterological Associa-

tion.

Introduction

In 1997 new guidelines for colorectal cancer
screening were issued by the American Gastro-
enterological Association on behalf of a
consortium of organizations that included the
American Society for Gastrointestinal Endo-
scopy, the American Society of Colon and
Rectal Surgeons, the American College of
Gastroenterology, and the Society of American
Gastrointestinal Endoscopic  Surgeons. The
guidelines recommend that all average risk
patients' consider following one of five screening
programmes beginning at age 50: annual faecal
occult blood tests, flexible sigmoidoscopy every
5 years, annual faecal occult blood tests and
flexible sigmoidoscopy every 5 years, double-
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contrast barium enema every 5-10 years, and
colonoscopy every 10 years. The guideline notes
that these options differ in a number of ways,
including strength of supporting scientific evi-
dence, safety, patient acceptability, effectiveness,
simplicity, and cost. As no single screening
programme was deemed clearly superior, and all
were judged likely to reduce mortality associated
with colorectal cancer, the guideline endorses all

! The guidelines define a patient as average risk if they do not
have one or more conditions that place them in a high risk
category. High risk conditions include: a first degree relative
with colorectal cancer or an adenomatous polyp, a family
history of familial adenomatous polyposis or hereditary
non-polyposis colorectal cancer, or a personal history of
adenomatous polyps, colorectal cancer, or inflammatory
bowel disease.
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five programmes and recommends that decisions
regarding colorectal cancer screening be made
by patients and clinicians using a shared decis-
ion-making process.’

Practice guidelines, such as this one, recom-
mending active patient involvement in decisions
about preventive health interventions are
becoming increasingly common. Recent exam-
ples from the United States include the Amer-
ican College of Physicians guidelines regarding
hormone replacement therapy® and prostate
cancer,” and the United States Preventive
Services Task Force recommendations regarding
aspirin for primary prophylaxis of myocardial
infarction.* Recommendations such as these are
appropriate whenever a preventive health inter-
vention has the potential to produce both good
and bad outcomes and there is no single course
of action that is superior to all others in every
important respect. In these cases decisions
whether or not to adopt the intervention depend
on trade-offs between competing risks and
benefits that are most appropriately made by the
individuals who will be affected by the outcomes
of the decision.’

In addition to improving the quality of the
clinical decision-making process, involving
patients in decisions regarding preventive
interventions may have other benefits. Studies
in a variety of settings have shown that
patients with chronic diseases who participate
in decisions about their care have better
outcomes than less involved patients.® Since
there is a large overlap between the patient-
related tasks associated with managing chronic
diseases and many preventive interventions, it
is possible that patients who actively partici-
pate in preventive decision-making will experi-
ence similar beneficial effects.

Despite these advantages, there are major
barriers to be overcome before shared decis-
ion-making can become the norm for decisions
regarding preventive health care. One set of
difficulties stems from the nature of the decis-
ion itself. As noted above, decisions about
prevention are frequently complex and require
difficult trade-offs between competing risks and
benefits. Moreover, the information needed to

make preventive decisions — data regarding the
risks, benefits, and costs of the alternative
management strategies — is seldom readily
available in a format that can easily support
clinical decision-making. The situation is
further complicated by the fact that benefits
provided by third party payers such as
managed care organizations or other health
insurance plans frequently affect decisions
regarding preventive interventions. This adds
another interested party or ‘stakeholder’ to the
clinical, decision-making process.

A second source of difficulties relates to the
feasibility of introducing a shared decision-
making approach into clinical practice.
Currently, it is not clear whether patients
want to accept a more active role in decision-
making.” Even if patients want to participate,
most decisions about prevention are currently
made in busy primary care settings where
there is little time available to have the
in-depth discussion required for successful
shared decision-making. Finally, it has not been
established whether the benefits associated with
shared decision-making outweigh the costs
involved.®

The purpose of this paper is to describe a
promising approach to resolving some of these
difficulties. The approach is based on multiple
criteria decision-making, the branch of the
decision sciences devoted to the development of
methods for helping people make better decis-
ions when faced with complex choices involving
conflicting objectives, several options, and
multiple stakeholders. Multiple criteria decision-
making is an active research area and several
decision-aiding techniques are available. For this
paper, I will illustrate how a multiple criteria
decision-making based approach can be used to
promote shared decision-making for preventive
interventions using the analytic hierarchy
process (AHP).

The AHP is a well-known multiple criteria
decision-making method that has been success-
fully applied to a wide range of problems in
many different contexts, including medical
decision-making.” !> Factors contributing to its
success include its ability to simplify a complex
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problem in a concise and easily understood
fashion, procedural simplicity, and several
excellent computer software programmes.
Although I will use the AHP to illustrate the use
of multiple criteria decision-making methods in
implementing shared decision-making, it should
be noted that the AHP and other multiple
criteria decision-making methods share many
similarities and the best method(s) to use to
promote shared decision-making in clinical
practice has yet to be determined.

AHP overview

An AHP analysis is a four-step process. In the
first step a decision model is created. A decision
model is a schematic diagram that describes the
decision being made. In the AHP, the model
contains the goal of the decision, the options
being considered, and the considerations or
criteria that will be used to determine how well
the options meet the goal. These elements are
arranged in a diagram that has the goal at the
top, the options at the bottom and the criteria
(broken down into subcriteria if necessary) in
between. Figure 1 illustrates the basic format of
an AHP model.

The second step of an AHP analysis consists
of the collection and summarization of infor-
mation regarding how well the options fulfil the
criteria. The model is used to focus the research
questions and appropriately summarize the
resulting information.

The third step consists of a series of compar-
isons amongst the elements of the decision. The
options are compared according to how well

Goal of the
decision

Decision Decision Decision
criterion #1 criterion #2 criterion #3

Option A Option B Option C

Figure 1 The basic AHP model format.
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they satisfy each criterion and the criteria are
compared according to their importance in
achieving the goal. The comparisons can
proceed in either a ‘bottom up’ fashion, starting
with the comparisons amongst the options
relative to the criteria and then proceeding up
the hierarchy, or a ‘top down’ fashion beginning
with the comparisons amongst the criteria and
then continuing down the hierarchy. In practical
applications, the bottom up approach is usually
used. When multiple decision-makers are
involved, it is possible to divide the comparisons
according to individual areas of expertise and
use the AHP model framework as a way to
combine their judgements.

The comparisons are made between two ele-
ments at a time and continue until every pair of
elements has been evaluated. These pairwise
comparisons are made relative to the import-
ance, likelihood, or desirability of the decision
elements being evaluated, depending on the
context. The comparisons are made using a nine-
point scale that can be implemented using
verbal, graphic, or numeric formats. On the
commonly used verbal scale, the two elements
being compared can be equal (corresponding to
a 1 on the numeric scale), or one element can be
moderately more important (or preferable or
likely), strongly more important, very strongly
more important, or extremely more important.
These comparisons correspond to 3, 5, 7 and 9
on the nine-point scale. Comparisons interme-
diate to these points are allowed and assigned
the corresponding even numbers. When the
graphic formats are used, relative areas are used
to assign numeric values.

After the comparisons are elicited, they are
converted to the numeric scale, if necessary, and
entered into a matrix. The relative importance,
likelihood or desirability of the elements is then
obtained by calculating the right eigenvector of
the matrix, a procedure that is analogous to
taking the average of all the comparisons. The
results are then normalized so that they sum to
one. For options, the results indicate how well
they fulfil the criteria; for criteria, the results
indicate their relative importance in achieving
the goal of the decision.
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In addition to deriving a quantitative scale that
reflects the relationships amongst the decision
elements being compared, the comparison
matrix is used to calculate a measure of the
consistency within each set of comparisons. This
measure, called the inconsistency ratio, repre-
sents the ratio of the amount of inconsistency in
the comparisons compared with a set of
completely random comparisons. By conven-
tion, inconsistency ratios of 0.1 or less are
considered acceptable.

When quantitative data are available about
the relationship between options and criteria,
the analysis can proceed in one of two ways. The
first is to make judgmental comparisons about
the significance of the differences between
options, using the standard pairwise comparison
format described above. The other is to enter
exact ratio comparisons of the available data
directly into the analysis. The latter strategy has
two practical advantages: (a) the reduction in
the number of comparisons can significantly
shorten the time required to perform an analysis
and (b) the effects of new information on the
results of the analysis can be determined quickly
and easily. Its disadvantage is that it fails to
capture individual differences in perceptions
about the significance of the differences amongst
the options.

After all of the comparisons are completed,
the results are combined into a composite score
that indicates how well each of the options fulfils
the goal. The AHP has two options for
performing this operation called the distributive
and the ideal modes. The distributive mode is
used when the objective of an analysis is to
prioritize a set of options to determine how to
distribute something amongst them. Examples
of this type of analysis include determining an
optimal investment portfolio or allocating
research and development funds. The ideal
mode is used when the object of the analysis is to
identify the best of a set of options and is the
more appropriate mode to use in most medical
decision-making situations.

The fourth and final step of an AHP analysis
consists of making a decision. An AHP analysis
is not intended to dictate what should be done,

but to help a decision-maker gain insight into
his/her values and the relative merits of the
available decision options. When multiple decis-
ion-makers are involved, the AHP can enhance
communication by providing a way to compare
different points of view and elicit individual
values and preferences. To further promote
insight and communication, several sensitivity
analysis techniques are available that allow
decision-makers to determine how changes in
the pairwise comparisons or criteria weights
affect the results.

AHP analysis of the colorectal cancer
screening decision

To illustrate how the AHP and similar multiple-
criteria decision-making techniques could form
the basis of an approach for shared decision-
making regarding preventive interventions, this
section will show how the AHP could be used to
help 50-year-old, average risk patients and their
clinicians make decisions amongst the five
recommended colorectal screening options
discussed above. This approach to clinical decis-
ion-making would proceed in two stages, an
initial preparatory stage and a subsequent decis-
ion-making stage.

Preparatory stage of the implementation process
The goal of this stage is to create a decision
model that can be used in practice. Activities
included would be the first two steps in the AHP
analysis sequence: creation of a preliminary
decision model and the summarization of
pertinent information.

Figure 2 shows one way the decision for
choosing amongst the five recommended
screening programmes could be framed as an
AHP model. At the top is the goal of the decis-
ion: ‘make the best decision about colorectal
cancer screening’. At the bottom are the five
recommended screening options plus an addi-
tional option — ‘No Screening’ — which repre-
sents a decision to not screen actively for
colorectal cancer at the current time. In the
middle are four criteria for evaluating how well
the options meet the goal.

© Blackwell Science Ltd 2000 Health Expectations, 3, pp.37-45



Involving patients in preventive health decisions, ] G Dolan

Make the best decision
about colorectal cancer screening

Avoid Avoid Avoid false Other Considerations
cancer side effects positive tests |
Frequency| | Prep | | Procedure
No. FOBT Flex sig | |FOBTand | | pcBE Cscope
screening flex sig

Figure 2 Example AHP model regarding the selection of a colorectal cancer screening programme.
Prep = test preparation; FOBT = annual faecal occult blood tests; Flex Sig = flexible sigmoidoscopy every 5 years;

DCBE = double contrast barium enema every 5 years; and Cscope =

e Avoid colorectal cancer — this criterion indi-
cates that a good screening strategy is one that
results in a high likelihood of never devel-
oping colorectal cancer.

e Avoid side-effects — this criterion indicates
that a good screening strategy is one that has
little, if any, chance of causing harm. For the
purpose of this illustration, only major side-
effects related to screening — death, major
bleeding, and colonic perforation — will be
considered.

e Avoid false positives — this criterion means
that a good screening test is one that rarely
results in a false positive result that leads to
unnecessary additional tests and anxiety.

e Other considerations — this last criterion
is broken down into three subcriteria:
(1) frequency of screening tests; (2) the prep-
aration required for screening tests; and (3) the
nature of the screening procedure(s).

The three considerations included in the other
considerations category may influence people’s
decisions regarding their preferred screening
method, but are likely to be less important than
the three preceding criteria. Therefore, they are
grouped together so that more meaningful
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colonoscopy every 10 years.

comparisons between their collective importance
and the other criteria can be made.

The other component of the preparatory stage
is gathering and summarizing relevant data. In
this case, information is required concerning the
abilities of the screening options to fulfil the
criteria and subcriteria located on the adjacent
levels of the model. Fortunately, this informa-
tion is provided in the published guideline;'
these data, which are based on cumulative events
over a 35-years screening period beginning at
age 50 and stopping at age 85, are summarized
in Table 1.

To shorten the time needed for the subsequent
pairwise comparisons and to help focus the
analysis
amongst the criteria, this information could be
directly entered into the preliminary model
during this stage as direct ratio comparisons.
For example, the comparison between no
screening and annual faecal occult blood tests
with regard to avoiding colorectal cancer would
be the ratio of the odds of avoiding colorectal
cancer with annual faecal occult blood tests
(32:1), divided by the odds with no screening
(19:1), or 1.7. Direct ratio comparisons amongst
the options relative to avoid colorectal cancer,

on the elicitation of preferences
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Table 1 Information describing relationship between options and decision criteria*

No Annual Flexible sig® FOBT and Barium enema Colonoscopy
Screen  FOBT' every 5 years flexible sig every 5 years every 10 years
0dds of avoiding 19:1 32:1 34:1 55:1 70:1 70:1
colorectal cancer
0dds of avoiding side Sure 86:1 1224:1 81:1 241:1 60:1
effects from screening
0dds of avoiding false Sure No chance** 231:1 No chance** 311 79:1
positive results
Others
Number of tests o] 35 7 42 7 3
Preparation None Special diet for Enema Special diet for Complete bowel Complete
2-3 days 2-3 days prep. bowel prep.
and enema
The procedure None Stool collection 30 min with Stool collection  Enema with Long
short and short radiographs endoscope
endoscope endoscope

*All data are cumulative for entire 35-year testing period from age 50 to 85; TFOBT = faecal occult blood tests; years = years;
Ssig = sigmoidoscopy; ** The simulation results show that the average person can except 1 or 2 false positive test results.

avoid screening side-effects, and avoid false
positives are summarized in Table 2.2

Table 1 also includes summary information
concerning the three considerations included
under other considerations: the frequency of
screening, test preparation, and the nature of the
procedure for each option. No direct comparisons
can be entered for these subcriteria because the
relationship between this information and the
relative desirability of the screening options is not
readily apparent. For example, some people
might prefer infrequent screening intervals to
minimize inconveniences, whereas others might
feel better if they had more frequent screenings to
make sure nothing was missed or had developed
since the last screening test. As a result of this,

2 Entering direct ratio comparison in the example problem is
complicated by finding a suitable numeric representation for
the complete lack of side-effects and false positive results
associated with no screening. This problem can be resolved
either by using a suitable estimate when calculating direct
comparisons or by obtaining subjective pairwise comparison
judgements amongst the options. To illustrate the direct
comparison method in the example, I used the former
strategy: 1500:1 was used for the odds of avoiding side-effects
with no screening and 500:1 for the odds of avoiding false
positive test results.

subjective comparisons amongst the options
regarding these criteria are necessary.

Shared decision-making stage

of the implementation process

Once the preparatory stage is completed, the
resulting decision model and supporting data
would be distributed to clinical settings for use
by patients and clinicians as part of a shared
decision-making process.

The first step in the shared decision-making
stage would be to review the structure of the
model. Depending on the perspectives of the
individuals involved, it might be appropriate to
add new criteria, remove existing ones, or alter
their relationships. To improve the clarity of the
illustration, I will assume that the decision-
maker(s) decided to modify the preliminary
model by eliminating the other considerations
criterion because the collective importance of the
three subcriteria involved was judged to be
trivial compared to the other three criteria under
consideration.

After the structure of the model is reviewed
(and modified if necessary) the pairwise
comparison process would begin. Using a
‘bottom-up’ approach, the analysis would start
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Table 2 Results of direct data
comparisons amongst the options

Normalized scores resulting from direct
data comparisons*

Avoid colorectal Avoid side Avoid false
cancer effects positives
No screen 0.068 0.470 0.615
Annual faecal occult blood tests 0.114 0.027 o
Flexible sigmoidoscopy every 5 years 0.121 0.383 0.284
Annual faecal occult blood tests and 0.196 0.025 o
flexible sigmoidoscopy every 5 years
Double contrast barium enema 0.250 0.076 0.004
every 5 years
Colonoscopy every 10 years 0.250 0.019 0.097

*Data are presented in Table 1, methods are described in the text.

by comparing the options relative to their ability
to fulfil the decision criteria. In the example, this
would consist of a quick review of the results of
the direct data comparisons that were entered
into the preliminary model regarding avoiding
colorectal cancer, side-effects, and false positive
screening test results. This information is shown
in Table 2. If these results were deemed
reasonable, the analysis would then proceed up
the hierarchy to the comparisons amongst the
three remaining criteria.

With three criteria to compare, three pairwise
comparisons are needed. The first comparison in
the example would be between avoid colorectal
cancer and avoid side-effects. To make this
comparison, the decision-maker would first
decide if these two criteria are equally important
in terms of making the best decision regarding
colorectal cancer screening. Let’s assume they are
not equal and that avoid colorectal cancer is
judged to be moderately more important. This
verbal scale judgement is then converted to its
numeric equivalent, three, and entered into a
comparison matrix, as shown in the highlighted
cell in Table 3. The reciprocal of this comparison
is used to fill in the highlighted corresponding cell
on the lower half of the matrix. The same proce-
dure would then be used to make the other two
comparisons. To continue the example, suppose
the decision-maker thought that avoid colorectal
cancer was very strongly more important than
avoid false positives and that avoid side-effects
was strongly more important than avoid false

Table 3 Comparison matrix for the three example criteria and
the resulting priority scores*

Avoid Avoid Avoid
colorectal side false Priority
cancer effects positives score
Avoid colorectal 1 3 7 0.649
cancer
Avoid side 1/3 1 5 0.279
effects
Avoid false 1/7 1/5 1 0.072
positives

Inconsistency ratio = 0.06; *shaded areas illustrate the reciprocal
halves of the matrix as described in the text.

positives. The resulting comparison matrix,
criteria weights, and inconsistency index are
illustrated in Table 3.

After all comparisons are completed, overall
scores for the options would be calculated, as
illustrated in Table 4, and the results discussed.
The doctor and patient would then make a
decision. This could happen in one of several
ways. Depending on the circumstances, doctor
and patient could choose to implement the best
choice revealed by the patient’s analysis (in the
example, double contrast barium enema every
5 years), combine the patient’s analysis with one
performed separately by the clinician, perform
various sensitivity analyses to see how different
comparisons amongst criteria or options affect
the results, or choose to defer an immediate
decision to ponder questions and issues raised by
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Table 4 Example analysis results

Avoid colorectal Avoid side Avoid false Overall
Criterion importance weight cancer 0.649 effects 0.279 positives 0.072 score
No screen 0.068 0.470 0.628 0.159*
Annual faecal occult blood tests 0.114 0.027 o] 0.095
Flexible sigmoidoscopy every 5 years 0.121 0.383 0.283 0.174
Annual faecal occult blood tests and flexible 0.196 0.025 ¢} 0.159

sigmoidoscopy every 5 years

Double contrast barium enema every 5 years 0.250 0.076 0.004 0.210
Colonoscopy every 10 years 0.250 0.019 0.085 0.203

Inconsistency ratio = 0.02; *In the ‘ideal’ method of the AHP, used for this example, overall scores are calculated by (a) dividing the options’
scores on a criterion by the highest weighted option on that criterion, (b) multiplying the results by the importance of the criterion, (c) summing
the results for each option over all criteria to derive their ‘raw scores’, and (d) normalizing the raw scores so that they add to 1. For example, the
raw score of no screen = (0.068/0.25)* 0.649 + (0.47/0.47) *0.279 + (0.628/0.628) *0.072 = 0.527. The normalized overall scores shown in the
table were obtained by dividing each option’s raw score by the sum of all raw scores.

the analysis. At this point, the perspectives of
other interested parties, such as third party
payers or managed care plans, could be intro-
duced and combined with those of the patient
and the clinician. Regardless of the approach
taken, the results of the patient’s AHP analysis,
including their judgements regarding what
considerations are pertinent and their relative
importance, will be known and can be openly
discussed and examined as part of the decision-
making process.

Based on previous studies (discussed below),
the process described in the example would take
an average patient about 35 min.

Discussion

As illustrated in the example, shared decision-
making approaches based on multiple criteria
decision-making have the potential for over-
coming many of the cognitive and practical
problems with implementing shared decision-
making regarding preventive and other health
care interventions. The decision model can help
ensure that all important considerations,
including those that are unique to individual
patients, are addressed. It can also serve as a guide
to the collection and summarization of pertinent
information. By reducing a complex problem into
small, easily managed parts, the analysis helps
avoid errors that result from attempts to make
highly complex decisions intuitively. It also
provides a mechanism for integrating multiple

viewpoints into the decision-making process in an
explicit and unbiased manner.

Along with these potential advantages, several
important questions exist regarding the feasi-
bility and usefulness of shared decision-making
programmes based on the AHP and other
multiple-criteria, decision-making methods. One
set of questions relates to the best design for
implementing this type of approach in practice
settings. Design issues range from the best
format, location, and timing for the analysis to
determining the best method to use. Other
largely unexplored issues include how this type
of approach affects the process and outcomes of
clinical decision-making and whether its benefits
outweigh the costs.

Although the clinical effectiveness of shared
decision-making programmes based on multi-
criteria, decision-making methods has not yet
been fully determined, preliminary data suggest
that they can be implemented with beneficial
results. In a study examining the diagnostic
management of patients hospitalized with acute
upper gastrointestinal bleeding, we found that
both patients and primary care physicians were
able to successfully complete a moderately
complex AHP analysis.'* Study results showed
that doctors and patients had substantially
different perspectives regarding two of the four
decision criteria — the importance of identifying
the source of bleeding and avoiding diagnostic
test side-effects — and that there were several
distinct preference patterns amongst the decision
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criteria represented in the patients’ responses.
This study showed the feasibility of using this
approach to examine medical decisions and
uncovered a number of important differences in
values and preferences that would not have been
apparent under normal circumstances.

Two subsequent studies have had similar
results. The first examined patients’ preferences
for colorectal cancer screening in an out-patient
general medicine clinic.'* The other involved
asking groups of obstetricians, paediatricians and
mothers attending high risk pregnancy clinics to
compare alternative practice guidelines regarding
the management of neonatal group B strepto-
coccal infections.'” In addition to confirming the
earlier findings, these two studies also found that
the patients involved were overwhelmingly
capable and in favor of implementing this
approach to assist with medical decisions.

In summary, there is a close correspondence
between the needs of successfully implementing
a shared decision-making programme in clinical
practice and the functions provided by multiple-
criteria, decision-making methods. This rela-
tionship, along with the encouraging early
results noted above, suggest that multiple
criteria decision-making methods such as the
AHP can provide an effective basis for devel-
oping successful shared decision-making
programmes regarding preventive health and
similar medical interventions. Such programmes
have the potential to improve the quality of
clinical decision-making, improve the outcomes
of preventive health services, and strengthen
doctor-patient relationships.
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