Cost-Effectiveness of
Strategies To Enhance
Mammography Use
OBJECTIVE. To estimate the cost-effectiveness of three strategies to increase breast
cancer screening with mammography (reminder postcard, reminder telephone call,
and motivational telephone call).
DESIGN.
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Cost accounting for each strategy followed by cost-effectiveness analysis.

Randomized trial of three strategies conducted at
Group Health Cooperative of Puget Sound (GHC).

DATA SOURCE FOR EFFECTIVENESS.

Women 50 to 79 years of age who were enrolled in GHC’s breast
cancer screening program who did not schedule screening mammography within 2
months after it was recommended by letter.

TARGET POPULATION.

PERSPECTIVE.

Health plan.

OUTCOME MEASURE.

Marginal cost-effectiveness of each additional woman screened.

Because of its high cost (about $26 per call) and
intermediate effectiveness, the motivational call was the least cost-effective strategy.
If it was assumed that 50% of the women who scheduled mammography after
receiving the reminder postcard would have scheduled mammography within 10
months even without it, marginal cost-effectiveness for the postcard among all
women was $22 per woman screened versus $92 for the reminder call. Among
women with no previous mammography, the marginal cost-effectiveness for the
postcard was $70 versus $100 for the reminder call.

RESULTS OF BASE-CASE ANALYSIS.

Among women with no previous mammography,
the choice between the reminder postcard and the reminder call was sensitive to
assumptions about the percentage of women expected to receive mammography in
the absence of other promotional strategies.

RESULTS OF SENSITIVITY ANALYSIS.

A simple reminder postcard is the most cost-effective way to increase
mammography. Choices about how to promote mammography will ultimately
depend on plan values and willingness to invest in promotional strategies that
increase participation at higher unit costs.

CONCLUSIONS.

or women 50 to 69 years of age, evidence clearly supports the effectiveness of
mammography as a breast cancer screening tool. Randomized trials have
demonstrated that mammographic screening in this age group can decrease breast
cancer mortality rates by approximately 25% to 30% within 5 or 6 years.1 Breast cancer mortality rates have decreased since 1990, perhaps in part because of widespread
screening.2–4 These benefits highlight the need to increase awareness and promotion
of mammography. With the growth of managed care in the United States, the opportunity to use the health plan to promote mammography as a breast cancer screening
tool has increased. However, health plans face the challenge of finding cost-effective
ways to increase women’s participation in screening programs.
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Health benefits are sufficient incentive for health
plans to find ways to increase participation, but the
health care market also prompts plans to improve delivery of all preventive services. So-called “report cards,”
such as the Health Plan Employer Data Information Set
(HEDIS) measures produced by the National Committee on Quality Assurance, include mammography
participation in women 52 to 69 years of age as one of
the elements on which managed health plans are evaluated. Many health insurance purchasers will not contract with plans that fail to meet HEDIS or other report
card standards.
Little research exists on the costs associated with
alternative strategies for breast cancer screening recruitment. Most cost analyses have focused on the value of
mammographic screening, and the results of these studies have contributed to widespread adoption of such
screening for women 50 years of age and older.5 The
National Cancer Institute, the American Cancer Society,
the U.S. Preventive Services Task Force, and other
groups in the United States and other countries recommend screening mammography for women in this age
group, in part because of demonstrated reductions in
mortality rate.5, 6
In one of the few economic analyses of alternative
recruitment strategies for mammographic screening,
Hurley and colleagues7 found that personal promotional strategies were more cost-effective than community
and public promotion efforts because they produced significantly greater participation at a lower cost per mammogram. This strategy was a personalized letter sent to
women identified through voter registration rolls.
Community-based strategies involved advertisements in
local newspapers and notices in public places frequented
by mammography candidates. The cost per woman
recruited through a personalized letter without a specific appointment date was $8.28 in 1990 U.S. dollars versus $17.31 and $83.39, respectively, for newspaper and
community promotion strategies.
In this paper, we use the results of a recent randomized trial8 to examine the cost-effectiveness of three
strategies to encourage participation in mammographic
screening (reminder postcard, reminder telephone call,
and motivational telephone call).
Methods
Overview

We report the estimated cost-effectiveness of alternative
strategies to increase mammography use in women 50 to
79 years of age. Our data are based on a recent trial conducted at Group Health Cooperative of Puget Sound
(GHC). Our goal was to provide health plans with
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information about the cost-effectiveness of a reminder
postcard, reminder telephone call, and motivational
telephone call in increasing enrollees’ participation in
screening programs. The outcome of interest, based on
the anticipated needs of health plan decision makers,
was the marginal or incremental cost per participant
screened for each promotional strategy.
Setting

Our analysis is from the perspective of GHC, a mixedmodel HMO serving more than 500,000 enrollees in
western Washington State. In terms of ethnicity and
socioeconomic status, the GHC population is similar to
the communities in which it provides care.5 Although
GHC has an ongoing breast cancer screening program,
we did not consider the fixed costs associated with
developing and maintaining this program in our
analysis.
Effectiveness: The Randomized Trial

Effectiveness data for our analysis were based on a randomized trial8 that evaluated alternative strategies to
improve participation in GHC’s breast cancer screening
program. Participants were recruited for the trial from a
random sample of 11,570 women aged 50 to 79 years
who were due to receive mammography in GHC’s
breast cancer screening program.
Figure 1 shows the flow of patients into the randomized trial. Women who completed a survey were
sent a letter recommending mammography. Those who
did not schedule a mammogram within 2 months after
receiving the letter were randomly assigned to one of
three groups. Women in the first group received a postcard reminding them of the importance of screening
and inviting them to schedule a mammogram. The
other two groups received telephone calls that 1)
acknowledged that they had not scheduled a mammogram and that the opportunity still existed (reminder
call) or 2) engaged the woman in a discussion that
addressed affect, attitude, facilitating conditions, and
perceived breast cancer risk (motivational call).
Different staff members were involved in the reminder
and motivational calls. Callers in both telephone-based
strategies were trained in delivering the relevant message and in using the appointment system for the GHC
screening program. Personnel conducting the telephone
interventions had access to the screening program’s
scheduling system and offered to schedule an appointment at the time of contact. Women were asked to contact their health care providers if they had specific questions about breast cancer and mammography. Details on
the telephone call groups of the intervention are available elsewhere.9
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11,570 women due for a mammogram

6147 women approached for recruitment

703 already scheduled;
382 otherwise ineligible

5062 eligible women 50–79 years
of age due for a mammogram

3743 women 50–79 years of age completed a survey
Mailed recommendation to
schedule mammography
Mammography scheduled within 2 months?

Withdrew before
random assignment
(n =13)

No
Randomly assigned
to intervention group
(n =1765)

Yes
(n =1965)

Postcard reminder
(n =590)

Reminder call
(n =585)

Motivational call
(n =590)

FIGURE 1. Design of the randomized trial of effectiveness.

Descriptive data on the women in each intervention group are given in Table 1. Figure 2 shows the primary results of the trial. At 12 months, women in the two
telephone groups were significantly more likely to have
scheduled a mammogram than were women who
received the postcard; however, no statistically significant
difference was seen between the two telephone groups.
Cost: Accounting Methods
Overview

Cost assignment for each strategy is based on the project
team’s report of resources used to deliver the intervenEffective Clinical Practice
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tion. Our cost model includes any office space or equipment from GHC’s screening program that was used but
not paid for by the trial. GHC allowed the research team
to use some existing screening program resources (e.g.,
office space, telephones, computers) without charge.
However, we estimated the overhead expenses needed
for each intervention group by assuming that the health
plan incurred all of the additional expenditures required
to implement each promotional strategy.
Dollar values for resources used in the trial were
1998 local market costs for personnel, office space, furnishings, and equipment. We do not use GHC’s costs
because they may reflect idiosyncrasies of GHC’s pur215
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TA B L E 1

Characteristics of Participants in the Randomized Trial
VARIABLE

PROMOTIONAL STRATEGY
REMINDER POSTCARD
(n = 590)

REMINDER CALL
(n = 585)

MOTIVATIONAL CALL
(n = 590)

61.7 ± 9.3

62.2 ± 8.8

61.9 ± 9.1

Ethnicity
White
Hispanic
Black
Asian or Pacific Islander
Other

90%
<1%
4%
3%
3%

89%
1%
4%
4%
2%

88%
1%
4%
4%
3%

Participants who had previous mammograms

72%

73%

72%

Mean age ± SD, yr

chasing or human resource policies. The cost model
includes all personnel, hardware, and material necessary
to implement and conduct the promotional strategies,
except building and maintaining the screening program
information system. Total costs for each fixed and variable resource used in each strategy were allocated on a
per-participant basis. Average fixed cost elements necessary for each promotional strategy, such as office space,
telephone lines, and computers, were allocated to all
women randomly assigned to that strategy.
Reminder Postcard

Costs for the postcard group include development of
the text used on the postcard as well as its design, pro-

duction, and mailing. Production and mailing costs are
based on bulk mailing charges, and we assume that all
relevant personal information for eligible women was
available from the existing health plan database. Costs
included an analyst (to abstract screening program
information on eligible women), equipment, and office
space needed to complete these tasks.
Reminder and Motivational Telephone Calls

The most significant variable cost in both telephonebased strategies was time spent on the telephone. Callers
in both telephone groups collected data on the length of
the telephone calls, and costs were allocated on the basis
of average cost per minute of contact time. Staff deliverFIGURE 2. Effectiveness of the promotional
strategies. Error bars represent the upper bound
of 95% CIs.

80%
Reminder Postcard

Proportion Scheduling Mammography

70%

Reminder Call
Motivational Call

60%

50%

40%

30%

20%

10%

0%
All Women
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ing the motivational call required greater skills and
received more training and a higher wage than staff
delivering the reminder call. Callers also met periodically with a supervisor for quality control purposes; however, we excluded any quality control time and supervisor follow-up that was conducted exclusively for the
research and evaluation components of the project.
Cost-Effectiveness

We computed the marginal or incremental cost-effectiveness for each strategy as the change in cost with respect to
the change in strategy effectiveness, where marginal
effectiveness is defined as the incremental likelihood that
a woman receives mammography under each successively more intensive intervention. Marginal cost-effectiveness was calculated by dividing the change in cost by the
change in effectiveness and was determined for the postcard relative to the initial letter recommending mammography, for the reminder call relative to the postcard,
and for the motivational call relative to the reminder call.
Analysis

The base-case analysis assumes that 50% of the women
who scheduled mammography after receiving the
reminder postcard would have done so within 10
months even without it. We tested the sensitivity of our
results to this assumption by varying the percentage
from 0% to 80%. We also examined whether cost-effectiveness estimates were sensitive to mammography history by estimating these values for all women and

according to previous mammography experience. These
analyses were conducted by using program effectiveness
and per-unit costs that were relevant for these specific
groups. Our analysis follows an intention-to-treat
approach; women who were randomly assigned to the
telephone groups but were not contacted were included
in the analysis. Callers were unable to reach 18% of the
women assigned to the reminder call and 17% of those
assigned to the motivational call.
Results
Costs

A summary of per-participant unit costs is given in
Table 2. The same unit costs for identifying women who
did not schedule mammography and for generating the
recommendation letter were applied to each strategy.
The reference case—the initial recommendation letter
without any additional reminder—cost $2.07 per participant. The reminder postcard cost $3.95, bringing the
total cost of this strategy to $6.02 per participant.
The combination of office space, caller training,
and time made the telephone calls more expensive.
Callers spent threefold more time with women during
the motivational call than during the reminder call (7.8
minutes vs. 2.4 minutes). Training telephone counselors
and ensuring quality control for the motivational call
also took more time because the intervention was more
complex. These differences account for the higher unit
cost of the motivational call. Unit costs for the two telephone groups were recalculated to reflect that mean

TA B L E 2

Unit Costs
VARIABLE

INITIAL LETTER
RECOMMENDING
MAMMOGRAPHY

PROMOTIONAL STRATEGY
REMINDER
POSTCARD

REMINDER CALL

MOTIVATIONAL
CALL

Overhead*

$0.89

$2.64

Materials†

$0.74

$0.83

‡

Personnel

$0.44

$0.48

$6.86

$12.41

Subtotal for unit costs

$2.07

$3.95

$19.15

$23.92

—

$2.07

$2.07

$2.07

$2.07

$6.02

$21.22

$25.99

Cost of recommendation letter
Total cost of strategy per participant

$12.29

$11.51
‡

*Includes office space and furnishings, computer workstations, network hookup, and telephone lines (assuming 100% overhead
assignments).
†
Includes stationery for postcards/invitation letters, labels, and printer ribbons.
‡
Included in overhead.
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telephone call length varied with women’s history of
mammography. Compared with women who had had
mammography, women who had not had mammography had marginally longer reminder calls (2.5 minutes
vs. 2.2 minutes), but motivational calls were significantly longer (9.6 minutes vs. 7.0 minutes).
Cost-Effectiveness

Cost-effectiveness estimates are reported in Table 3.
Among all women, the cost per woman screened (the
total cost for each strategy divided by the number of
women screened) was approximately $17 for the
reminder postcard and $40 and $52 for the reminder
and motivational calls, respectively. Marginal cost-effectiveness was $22 for the postcard and $92 for the
reminder call. The motivational call is dominated—
meaning that it was more expensive and less effective in
promoting mammography than the reminder call.
The postcard was more cost-effective than the
telephone strategies regardless of mammography experience. The motivational call was always dominated.
However, the magnitude of the postcard’s advantage
over the reminder call was affected by the woman’s
experience with mammography. The marginal costeffectiveness of the postcard was one fifth that of the
reminder call among women who had previous mammography and two thirds that of the reminder call for
those who had not. Therefore, although the postcard
was always more cost-effective than the reminder call,
this advantage was less significant among women who
had never had mammography.

Sensitivity Analysis

We tested the sensitivity of our results to alternative
assumptions about the percentage of women likely to
have screening mammography without receiving the
promotional strategies. Our base-case assumption was
that 50% of women who scheduled a mammogram
within 10 months after receiving the postcard would
have done so without any prompting. In the sensitivity
analysis, we varied this assumption from a low of 0% to
a high of 80%. Varying this assumption affected the
marginal cost-effectiveness of the reminder postcard but
not the marginal cost-effectiveness of the reminder call
(the motivational call was always dominated).
As shown in Figure 3, our results were sensitive to
alternative assumptions about the percentage of women
likely to receive mammography without receiving the
postcard only among those who had not had previous
mammography. The reminder call became more costeffective than the postcard if 68% or more of those who
scheduled mammography after the postcard would have
done so without prompting.
Discussion

We analyzed the cost-effectiveness of three alternative
strategies—a postcard reminder, a reminder telephone
call, and a motivational telephone call—in increasing
participation in a mammography screening program. In
a randomized trial of women aged 50 to 79 years who
had not scheduled a mammogram since their last
screening, we found that the cost per woman screened

TA B L E 3

Calculation of Cost-Effectiveness
VARIABLE

MARGINAL
COST

EFFECTIVENESS

MARGINAL
EFFECTIVENESS

MARGINAL
COSTEFFECTIVENESS

All women
Initial recommendation letter
Reminder postcard
Reminder call
Motivational call

$2.07
$6.02
$21.22
$25.99

$3.95
$15.20
$4.77

0.1805
0.361
0.526
0.503

0.1805
0.165
–0.023

$21.88
$92.12
Dominated

Women with previous mammography
Initial recommendation letter
Reminder postcard
Reminder call
Motivational call

$2.07
$6.02
$21.24
$25.76

$3.95
$15.22
$4.52

0.2275
0.455
0.625
0.604

0.2275
0.17
–0.021

$17.36
$89.53
Dominated

Women without previous mammography
Initial recommendation letter
Reminder postcard
Reminder call
Motivational call

$2.07
$6.02
$21.19
$26.51

$3.95
$15.17
$5.32

0.0565
0.113
0.265
0.24

0.0565
0.152
–0.025

$69.91
$99.80
Dominated
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was $17 with the reminder postcard, $40 with the
reminder call, and $52 with the motivational call. The
marginal cost-effectiveness was $22 for the postcard and
$92 for the reminder call, and the motivational call was
dominated.
The motivational call was not a cost-effective strategy because it was more expensive and no more effective
than the reminder call in all women regardless of mammography experience. Although the reminder call was
more effective than the postcard, our analysis showed
that the reminder call’s greater unit cost outweighed its
greater relative effectiveness; therefore, the postcard was
more cost-effective as a promotional strategy.
We found that the relative cost-effectiveness of the
postcard and reminder call strategies was affected by previous mammography. Although the postcard is generally more cost-effective than the reminder call, this advantage decreased among women who had never had
mammography. Health plans may use this information
to target promotional strategies to specific populations of
women. We found that the postcard was appropriate in
women who had previous mammography, but health
plans may find that the investment in the reminder call is
justified for those who have not. In future screening
rounds, women who were successfully recruited via the
reminder call may require only the postcard to encourage
their participation. Although the reminder call is still less
cost-effective than the postcard, health plans may place a
high enough value on the associated increased participation to warrant the additional expense.
Health plans must consider the costs imposed on
health care delivery when implementing any promotional strategy. The most important of these is the con-

sequences of missed mammography appointments.
Mammographic screening facilities are valuable, and
having them sit idle is a substantial waste of resources.
Although women who received telephone calls could
schedule mammography immediately, 12.7% of those in
the reminder group and 15% of those in the motivational group did not keep their appointments. We did not
include the cost of missed appointments in our analysis
because we did not have these data for the women who
received a postcard. Because it is unlikely that a greater
percentage of women in the postcard group did not keep
their appointments, we do not believe that excluding
these costs had any effect on our conclusions.
Our results are limited by relying on effectiveness
data collected from a randomized trial conducted at a
single health plan. The promotional strategies may be
more or less effective in other health plans or in settings
that have different experiences with breast cancer
screening or other preventive health programs.
Although we did not rely on health plan–specific costs,
we must recognize the implications of relying exclusively on the GHC population for effectiveness data.
In addition, our analysis could not address the
issue of whether the value of the postcard deteriorates
over time. The relative cost-effectiveness of the postcard
may decrease if this method becomes less powerful in
motivating women with previous mammography to
schedule appointments. Future research should evaluate
the cost and effectiveness of promotional strategies over
time as women gain more experience with screening
mammography.
All three of the strategies studied increased mammography use at different average and marginal costs.
FIGURE 3. Sensitivity analysis examining
assumptions about the percentage of women
likely to schedule mammography without
receiving the postcard. The black line indicates
the range of cost-effectiveness ratios for the postcard.
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Choices about how to promote mammography will ultimately depend on plan values and willingness to invest
in promotional strategies that increase mammographic
participation at higher unit costs. Mammography’s value
as a breast cancer screening tool for women 50 years of
age and older has been clearly demonstrated. In
response, health plans must develop screening programs
and encourage their enrollees’ participation. Our analysis shows that cost-effective options for increasing participation exist and that health plans may be able to find
an optimal strategy by using women’s previous experience with mammography to target implementation.

Take-Home Points
• Although screening mammography has been shown
to reduce breast cancer mortality rates, not all women
participate in breast cancer screening programs.
• Using the findings of a recent randomized trial, we
estimated the cost-effectiveness of three strategies
to increase screening mammography: a reminder
postcard, a reminder telephone call, and a motivational
telephone call.
• The motivational call was the most expensive strategy
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