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Abstract

Helping women make choices to reduce cancer risk and to
improve breast health behaviors is important, but the
best ways to reach more people with intervention
assistance is not known. To test the efficacy of a web-
based intervention designed to help women make better
breast health choices, we adapted our previously tested,
successful breast health intervention package to be de-
livered on the Internet, and then we tested it in a ran-
domized trial. We recruited women from the general
public to be randomized to either an active intervention
group or a delayed intervention control group. The inter-
vention consisted of a specialized website providing tai-
lored and personalized risk information to all participants,
followed by offers of additional support if needed. Follow-
up at one-year post randomization revealed significant
improvements in mammography screening in intervention
women compared with control women (improvement of
13 percentage points). The intervention effects were more
powerful in women who increased breast health knowl-
edge and decreased cancer worry during intervention.
These data indicate that increases in mammography can
be accomplished in population-based mostly insured
samples by implementing this simple, low resource in-
tensive intervention.

Keywords

Randomized trial, Mammography screening, Web/
Internet intervention, Genetic testing

INTRODUCTION

Helping women make choices to reduce cancer risk
and to improve breast health behaviors is important,
but the best ways to reach more people with interven-
tion assistance are not known. Counseling and inter-
vention programs have been designed and evaluated to
support women in making breast health choices [1-19].
There are limitations to these existing programs, how-
ever, the counseling programs can be labor intensive
for the staff delivering the programs and for the partic-
ipants, and the reminder system programs focus on
only a limited number of medically oriented variables
for tailoring [19-21]. Our previous reminder system
intervention [22], built on a stepped care model of
health behavior intervention [23], delivered very
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Implications

Practice: As interventions like this one are evalu-
ated, they can be put into practice to improve
breast health behaviors by insurance systems, hos-
pital systems, and provider networks.

Policy: Health care reform should be required to
include evidence-based health communication
strategies in its list of funded activities in new health
care systems. Increasing cost-effective behaviors
through tested health communication systems such
as this one will improve health outcomes.

Research: Research can be conducted on the use of
the Web as a delivery system for other types of health

communications in a variety of diverse populations.

A randomized trial to test a web-based intervention
on women’s breast health behaviors

simple information and support to some women, while
to others, because of their risk level, worry level, or
other key variables, delivered more support and guid-
ance in a counseling setting. Our reminder system
intervention was successful in improving a variety of
breast health behaviors, but it required personalized
and tailored mailings to be created for each participant
as well as in-person contact for counseling settings [24].
A recent review of dissemination and implementation
research recently called for the study of dissemination
in a variety of settings and populations [25]. Therefore,
we decided to deliver breast health communication by
using the Internet. Specifically, we selected the World
Wide Web (Web) as an ideal interactive, electronic
system for delivering a new version of our previous
intervention content. The Web is an attractive interface
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because it provides information in a variety of media
(images, video, sound, animation, different font sizes),
instant access to global information, and the ability to
network with other consumers and health care pro-
viders. The Web can facilitate two-way interactive dia-
logue between author and reader. Tailoring is relatively
easy over the Web, and tailored interventions hold
promise for increasing effects over non-tailored inter-
ventions, providing more powerful health behavior
change [26, 27]. A Web site can provide many resour-
ces in a single, focused, and widely accessible location.
Unlike conventionally published textual materials,
which are two-dimensional and linear in form, web-
based information can be cross-referenced over a lim-
itless number of levels and layers, resulting in an almost
three-dimensional experience and potentially more ef-
ficient navigation and information retrieval. The publi-
cation of printable and/or downloadable tailored mate-
rials on the Web obviates the need for costly phone,
duplication, fax, publishing, printing, and mailing
expenses. In addition, and of prime importance to
medical information, authors can update materials on
the Web almost instantly. The advantages of delivering
information on genetic risk on the Internet are clear
[28]. As systems are developed and put into place to
communicate genetic risk, it seems obvious to make
use of the Internet as an ideal vehicle for disseminating
health and health risk information and support within
the context of health care delivery [29, 30]. We used all
of these properties and others during our design of the
study Web site.

Evaluating Web delivery systems is critical, given
the plethora of Web sites developed and available.
Several articles have documented the growing number
of Web-based support systems available as well as their
mixed quality and focus [31, 32]. The number of
patients who rely on the Web as their main source of
detailed information and support about health and
illness processes is also increasing [33]. According to
a Pew Report published in 2009, 77 % of US adults
were online—87 % of those users access from home
and 48 % have access from work—and 66 % of them
have looked for health information [34]. In addition,
tens of thousands of Web sites currently disseminate
health information.

Given the plethora of web material on health, we
feel that it is critical to test the effects of health websites
on measures of health behavior. The present paper
reports the results of a randomized controlled behav-
ioral trial of a web-based intervention to improve
women’s breast health choices. Women from the gen-
eral public were recruited and randomized to receive
the intervention package or to serve as control partic-
ipants. Intervention participants received access to the
Web site and cues and support to use the intervention.
We examined the following study outcomes: breast
health behaviors (mammography screening and breast
self-examination), genetic testing pursuit, and quality
of life. We also examined variables from our theoret-
ical model, described below, as mediators of the inter-
vention effects.

Experimental methods

Participant recruitment

The eligibility criteria for this project were simple and
minimal, in keeping with the public health nature of
the proposal. The study subjects were women, ages
18-74, living in the Seattle metropolitan area, not been
previously diagnosed with breast cancer, who had a
working telephone number and address, who spoke
English, who planned to be in their present residence
for at least 1 year, who had Internet access in their
homes, and who were willing to complete the survey
requirements for the baseline and follow-up assess-
ments. Sample size was determined through prestudy
power calculations. We purchased names from Mail-
ing Lists Plus*, a company that brokers name lists, in
this case from Polk, a source company. Polk gathered
the contact information and addresses by using both
public (voter registration and driver’s license rolls) and
private sources (credit bureaus, insurance lists, and
other lists of names). The lists were obtained in blocks
of 1500 names approximately every 3—4 months in
order to keep the phone numbers and addresses as
current as possible and to reduce the occurrence of
incorrect or out-of-service phone numbers during
recruitment.

Each potential participant received a letter that in-
troduced the project and provided the participants
with a number they could call to indicate unwillingness
to participate in the study. Individuals who called
requesting not to participate were removed from the
call list and were not contacted again. All other poten-
tial study subjects were called to obtain verbal consent
to participate in the study. The consent process script
included descriptions of the surveys, the randomiza-
tion process, the personalized risk information sheet,
and the potential for follow-up support. If a participant
consented to participate in the study and then com-
pleted the baseline assessments, study staff random-
ized her to either intervention or control status in 50/
50 ratio using a pre-assigned number on a list created
by the study statistician.

Survey procedures

Telephone surveys were used to gather eligibility,
baseline, and follow-up data. Potential participants
were contacted on the phone by trained interviewers
(unaware of study condition) to complete a 15-min
eligibility screening survey. Respondents who were
both eligible and interested in the study went on to
complete the baseline survey, which measured per-
ceived risk, cancer worry, demographics, estimated
actual risk, quality of life, knowledge of breast cancer,
screening intentions and behaviors, previous genetic
testing, and interest in genetic testing. The follow-up
survey was conducted 1 year after the baseline to
measure study outcomes.

The intervention
We based the content of this intervention on the self-

regulation model developed by Leventhal and
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colleagues [35] applied to women at risk for breast
cancer [4, 5, 36]. The self-regulation model of health
behavior addresses health-risk communications and
the use and effects of health screening. This model
emphasizes the ways in which people actively cope
with information about their health and make deci-
sions regarding medical procedures. The model also
included variables on the importance of understand-
ing both a woman’s understanding of her health risk
and her emotional reaction to that risk. According to
this model, a woman begins coping with her risk for
breast cancer when she learns that she is at risk for the
disease. This realization may occur to her on her own,
when she learns of a friend or relative’s illness, when
she learns that breast cancer may be partially heredi-
tary, or when she is invited to participate in a screening
program. The woman reacts emotionally to the reali-
zation and develops an internal understanding or
mental representation of what her elevated risk for
breast cancer means to her. This representation will
include her knowledge and beliefs about breast cancer
and her beliefs about her own risk for breast cancer.
The representations will then influence her emotional
reactions, including her development and execution
of plans for action regarding her risk and emotional
reactions to that risk.

Each woman in this study was placed into an aver-
age risk group, a mixed risk group, or a genetic risk
group, based on her baseline data. These criteria are
described in Table 1.

Average risk women had no major risk factors for
breast cancer and a Gail risk score (described below)
under 15. Mixed-risk women either had reported a
specific mixed risk factor for breast cancer or reported
a cancer worry score of 8 or over. We used the data in
our previous research to determine a “high” worry
score, indicating women who might need more inten-
sive assistance [4, 5]. Genetic-risk women had a rela-
tively high family history of breast cancer suggestive
of possible positive genetic mutation status [37, 38].
We reasoned that these women would likely be con-
sidered candidates for genetic counseling in an HMO
or other health care setting and, therefore, needed
special attention.

Web site description

Project staff developed and maintained a specialized
Web site that contained and delivered all informa-
tional materials pertaining to breast cancer, genetic
risk, and associated issues and links. The content
was based our successful counseling and tailored
print message interventions that increased mam-
mography and quality of life in women in the same
age group as was recruited for this study [22, 24].
Each participant was assigned a unique username
and password for accessing the site. This restricted
access system ensured that personal risk information
was only accessible by the participant, and it
allowed for tailoring of the site and its interactive
features to each participant.

Table 1| Risk categories used in intervention delivery

Genetic risk category

Mixed risk category

Average risk category

2) Two first-degree relatives w/breast or ovarian cancer at any age, or

1) One first-degree relative w/BC before 60, or

1) Does not meet requirements of genetic risk and

2) Has had one or more breast biopsies, or

1) Does not meet requirements of mixed or

genetic risk categories and
2) Cancer worry scale score below 87

3) Two second-degree relatives w/breast or ovarian cancer on same side, or ®

3) Breast biopsy with atypical hyperplasia, or

4) One first-degree relative w/breast or ovarian cancer and one second-degree

relative w/breast or ovarian cancer on same side, or °

4) Cancer worry of 8 and above (range 4-16), or

5) Ppt requests counseling

5) One first-degree male relative w/breast cancer

@ Determined in our previous research

5 For siblings, offspring, and sibling’s offspring (where maternal or paternal side cannot be determined) relatives were included in both maternal and paternal criteria
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Home page—The Web site’s home page highlighted new
content and included several rotating features. The
most recent health news article added to the Web site
was featured on the home page. Participants saw a new
breast cancer “tip of the day” each time they logged in
to the Web site. Participants also saw a different
“personal story” at each login. The personal stories
were fictitious accounts of women’s experiences of
learning about their risk. These accounts were based
on composites of stories from real women.

Web site login sequence—The first time a participant
logged on to the study Web site, she saw a welcome
letter from the study staff. The letter provided an
overview of what was on the site and included a photo
of the study staff. The next page had three facts about
breast cancer. For average risk participants, the three
facts were: “Most women never get breast cancer. In
fact, almost 90% of women will never develop the
disease”; “Most women who do get breast cancer
survive. In fact, the majority of women who get breast
cancer are still alive five years after their diagnosis”;
and “Heart disease, not breast cancer, is the major
cause of death for women. Heart disease causes more
than eight times as many deaths as breast cancer”. For
mixed and genetic risk participants, the first fact above
was replaced with the following: “Treatments are ef-
fective. Especially when the cancer is detected early,
treatment of breast cancer is very effective.” The page
after the three facts was the home page, which encour-
aged participants to first look at their personal risk
sheet.

At the second login, participants were greeted with
a check-in message from the health counselor. The
message asked the participant if she had had a chance
to view her risk sheet and what her thoughts were. The
participant had the opportunity to send a question to
the health counselor. If the participant had a question,
she could submit it through the “ask a health expert
form.” If she had no questions, the next page was the
home page, with a reminder to look at her personal
risk sheet. On the third login, participants saw the
three facts page again, before going to the home page.
The home page included a reminder to look at their
personal risk sheets. On fourth and subsequent logins,
participants went directly to the home page.

Average risk women were provided with informa-
tion about breast cancer risk that included a personal
risk estimate, access to health experts to answer ques-
tions, and the option to participate in group activities.
Mixed risk women were provided with information
about breast cancer risk, access to health experts, and
invitations to attend a counseling session to discuss their
risk. Genetic risk women were provided with informa-
tion about breast cancer risk, access to health experts,
and the option to participate in a genetic counseling
session and receive a personal risk estimate.

Personal risk page/Gail score—For each participant we
included an online personal risk page, based on the
model developed by Gail to predict personalized life-
time risk estimates [39]. We used data from the base-
line survey to generate estimates for each participant.

These Gail scores were presented numerically and
graphically, based on our risk sheet presentations used
in the previous counseling project. Average risk wom-
en were able to access their personal risk page imme-
diately after logging on to the site for the first time.
Mixed and genetic risk women were prompted to sign
up for a counseling session to review their risk page.
Their risk pages, modeled after paper sheets used in
our previous research project [40], were not viewable
on the Web site until they completed their counseling
session.

Content categories—The Web site had three main con-
tent categories: about breast cancer, early detection,
and prevention. The breast cancer category included
information on breast cancer and breast cancer risk.
The early detection category included information on
breast self-exams, clinical breast exams, and mam-
mography. The prevention category included infor-
mation on exercise, healthy eating, and Tamoxifen.

Interactive features—Participants were given the op-
portunity to make “breast health commitments” based
on information they provided in the baseline survey.
For example, a participant who reported never having
amammogram could commit to scheduling one in the
next few months. A participant who reported already
eating five servings of fruits and vegetables could com-
mit to continue eating at least five servings per day and
exceed that when possible. Participants could also
complete interactive worksheets to make and review
healthy goals. For example, participants could enter
intermediate and long-term exercise goals. Their goals
were saved so they could review them at any time. The
Web site also contained quizzes for assessing patterns
of behaviors and motivations. Participants could com-
plete the quizzes and get scores that gave them feed-
back on how to improve their eating and exercise
habits. Three additional interactive features allowed
participants to select “concerns” that may have kept
them from doing mammograms, clinical breast exams,
and/or breast self-exams. The participant clicked a
button next to the concern that sounded most like
her, and a suggestion appeared for addressing that
concern. Each of these interactive features was acces-
sible through the appropriate Web site section as well
as in a dedicated section called the Health Action Plan.
The Health Action Plan combined all of the interactive
features so a participant could easily review all of her
goals and worksheets.

Breast cancer news and information—Participants had
access to the latest breast cancer news and information
through the Health News section, the Questions and
Answers section, and the Other Websites section. The
Health News section was updated approximately once
a week with relevant health news articles. The Ques-
tions and Answers section was an archive of answers to
questions asked in our previous breast cancer risk
information study. This section was also updated with
new questions and answers from the current study.
The Other Websites section included links to other
Web sites with related information on breast cancer
risk, early detection and prevention.
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Contact with others—Participants could contact study
staff via the Web site using the following contact forms:

* Ask an expert: Participants could use this form to
send a question to the health expert. A response
was sent within two business days. Participants
could specify whether they wanted their response
by e-mail or phone.

* Counseling sign-up: This form was for study par-
ticipants to sign up for a counseling session.
Counseling was available to any participant who
requested it. Mixed and genetic risk participants
had to complete counseling in order to view their
personal risk sheets.

* Contact us: Participants could use this form to
contact study staff for any reason. Participants
could specify whether they wanted to receive a
response by e-mail or phone. We also included
the phone number of the study line, if the partici-
pant preferred to contact us by phone.

Regular cues to action—We sent a monthly newsletter
to all participants in the intervention arm of the study.
Each newsletter included a study update, a summary
of health news articles added to the study Web site that
month, and a description of a different Web site fea-
ture. We sent the newsletter by e-mail to participants
who requested this medium as their preferred mode of
contact. We sent the newsletter by conventional mail
to participants who did not want e-mail contact.

We followed up with participants who had not
logged into the study Web site within 3 weeks and
then 3 months of receiving access. The follow-up
reminded participants of the features of the Web site
and how to log on. We also provided information on
how to contact us if the participant was having difficul-
ty accessing the Web site. We sent an e-mail follow-up
to participants who requested e-mail as their preferred
contact method. We conducted the follow-up by
phone with those who preferred to be called. Eligible
participants who did not sign up for counseling within
6 and 9 months of entering the study received a phone
prompt in which we told the participants about the
counseling sessions and invited them to attend.

Genetic counseling and testing—Women determined to
be at elevated risk due to family history of breast
cancer were invited to participate in introductory ge-
netic counseling, based on our previous research. To
be eligible, a woman had to meet the high-risk criteria.
The genetic counseling protocol had four sessions,
based on the standard model of multiple sessions for
genetic susceptibility testing for breast cancer [40-42].
Each woman received her personal risk sheet and the
counselor, and the participant reviewed the findings
presented on the sheet. A major topic of discussion was
genetic testing, including the genetics of breast cancer,
the purpose of genetic testing, and the possible limi-
tations and uses of testing and test results. The partic-
ipants were informed that they were personally re-
sponsible for the cost of the genetic testing should they
be eligible and choose to proceed with genetic testing

within this study. The initial cancer risk genetic
counseling session lasted approximately one and
one-half hours. Eligible participants who decided to
proceed with genetic testing were referred to their
medical provider for a discussion of testing.

Measures

Screening behaviors—We assessed breast cancer-related
screening behaviors and intentions using items adap-
ted from the Community Mammography Trial [43].
To assess screening behaviors, we used specific items
from the Cancer Risk Appraisal questionnaire to mea-
sure utilization of breast self-examination and mam-
mography screening. The Cancer Risk Appraisal
measures reported screening behavior over the previ-
ous year with a single question addressing each behav-
ior. This study includes questions regarding the last
time, how many times, and next time that the behavior
will take place. For example, “How often have you had
a mammogram in the past?” The response categories
range from never to twice or more a year. Adherence to
breast cancer screening guidelines was based on ACS
recommendations.

Genetic testing—We measured interest in pursuing
genetic testing in the future using four questions from
previous research [14]. Three of the questions were
“Do you consider yourself to be an appropriate candi-
date for (BRCA1/2 testing) given your family histo-
ry?” “I intend to ask my health care provider more
about genetic testing,” and “ I intend to get a genetic
test for breast cancer risk.” The response structure for
these three questions was a scale of 1-4, with 1 mean-
ing definitely no and 4 meaning definitely yes. The
fourth question was “At the present time, which of the
following statements describes you?” (1= not
considering/not thought about genetic testing, 2= con-
sidering having genetic testing, 3= probably will have
genetic testing, 4= definitely will have genetic testing).
We calculated a single testing intentions scale score by
averaging the individual scores for each person. Cron-
bach’s alpha for this scale was .82, indicating high
internal consistency.

Cancer worry—We measured breast cancer worry
with a single four-item scale, used to assess the pres-
ence of breast cancer worries that interfere with daily
functioning [44]. This scale has been shown to distin-
guish between persons at high and normal risk for
breast cancer and to relate to screening behaviors. This
widely used questionnaire also measures the frequen-
cy of worry about breast cancer in specific settings.
The questions include, “During the past month, how
often have thoughts about your chances of getting
breast cancer affected your mood?” and “During the
past month, how often have thoughts about your chan-
ces of getting breast cancer affected your ability to
perform your daily activities?” The answers range
from 1 (not at all or rarely) to 4 (a lot). The questions
are summed with a range from 4 to 16. The alpha
coefficient for this questionnaire was 0.71.
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Quality of life—We measured perceived quality of life
using the SF-36 Health Survey for Perceived Quality
of Life, a well-validated, reliable, and widely used
instrument that includes 36 items [45]. This self-
report scale measures the following eight health con-
cepts: physical functioning, role-physical, role-
emotional, bodily pain, general health, vitality, social
functioning, mental health, and reported health transi-
tion. The higher the score, the more the participant has
the attribute of the scale construct. We focused these
analyses on the Mental Health subscale.

Perceived risk—We developed a three-question mea-
sure of perceived risk designed to measure a person’s
perceptions of her risk for breast cancer [46, 47]. The
questions included a numerical risk estimate (0—
100 %), a set of seven categories from very low to very
high, and a question about risk relative to other wom-
en. The perceived risk scale was the average of the
score from these three questions.

Knowledge of breast cancer and genetic testing—We devel-
oped questions in our previous research to measure
knowledge of breast cancer and genetic testing (n= 10
and 5, respectively), with response scales of 1-4. The
knowledge questions regarding breast cancer included
questions on treatment efﬁcacy, prevention options,
and survival rates. The genetic testing questions includ-
ed questions on the purpose of genetic testing, limita-
tions of the test, and possible information provided by
the current testing options. We performed separate
factor analyses on each of the two potential knowledge
scales (breast cancer and genetic testing) and found
them to each contain one factor, with reasonable factor
scores (all scores over .7). Cronbach’s alpha’s for the
scales were 0.76 and 0.63, respectively, for breast cancer
and genetic test knowledge. Scale items were averaged
for each scale for analysis purposes.

Medical risk—We asked six questions modified from
the Women’s Health Initiative and Breast Cancer De-
tection Demonstration Project about risk factors for
breast cancer. Questions included age of menarche,
age at first live birth, history of breast biopsy, and
current menstrual status. We estimated risk for breast
cancer from these questions using the Gail model for
risk appraisal [39]. The Gail algorithm results in a
probability of developing breast cancer by a specified
age or in the woman’s lifetime on a scale of 0-100 %.
The Gail algorithm used all of the above listed data
plus any first-degree female relatives diagnosed with
breast cancer, as provided in the participants’ family
history. We counted half-sisters as first-degree relatives
if they were on the same side of the family as another
first or second-degree relative who had been diag-
nosed with breast cancer. We gathered information
on family history of cancer using questions modified
from our previous research. For each blood relative
with cancer, we asked participants the following: their
relationship to the relative (mother, aunt, grandfather,
etc.), whether the relative was on their mother’s or
father’s side of the family, and the type of cancer and
age at diagnosis for the first cancer and second cancer
(if applicable).

Dosage of intervention—The Web site tracked use pat-
terns, linked to individual identities of participants,
allowing us to calculate use of all Web site compo-
nents. All participant telephone calls and e-mails to the
project, all requests for counseling, and actual counsel-
ing contacts were recorded.

Demographic data—We measured demographic varia-
bles including age, race/ethnic category, education/
degree, current religious affiliation, marital status, em-
ployment status, income, household size, and Jewish
background. These variables were used to describe the
study sample, to evaluate the comparability of the
control and intervention groups, and to serve as cova-
riates, as needed, in the analyses.

Statistical analysis

The analyses consisted first of descriptive analyses to
describe the sample and to determine the extent to which
the randomization had been successful. We also com-
pared the demographic data of participants who provid-
ed follow-up data with data from participants who had
dropped out of the study before the follow-up period to
determine the effects of any dropouts on study integrity.
We analyzed results using both linear and logistical re-
gression, depending on the properties of the outcome
variable under study. The main adjustment variables in
the model were age, race, education, income, medical
risk, and date of recruitment, selected as common back-
ground variables. We looked for main effects of inter-
vention using the intention-to-treat principle and then
identified the intervention effect for subgroups using
levels of dosage of intervention and levels of baseline
theoretical model variables (perceived risk, cancer wor-
ry, knowledge of breast cancer, and genetic testing).

RESULTS

A total of 5021 letters were mailed to potential partic-
ipants. We screened 2518 women, yielding 1452 eligi-
ble participants. We used the methods recommended
by a leading survey research group (www.aapor.org,
method #4) to calculate response rate. Basically, the
response rate is the number of completed contacts
over the number of contacts plus the number of eligi-
ble refusals and noncontacts, and an estimated propor-
tion of the potential contacts that were eligible. Specif-
ically, we used data from our previous study and from
other telephone interviews to estimate the proportion
of potential participants not screened that were eligible
as 30 %, and used this figure in the calculation. Using
this procedure, we calculated an 81 % response rate for
this survey. We randomized 1354 participants, and the
follow-up rate was calculated as the number of follow-
up surveys collected over the number randomized.
Using this formula, we achieved an 89 % follow-up
rate at 12 months.

Table 2 presents background and demographic data
from the present sample and comparisons to census
data from the year 2000 census.
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Table 2 | Background and demographic variables for the present study

Background variable Study value N Y2000 census data King County, WA
Percent under 40 43 % 1354 38 %
Percent Caucasian 85 % 1354 89 %
Percent with high school education only 16 % 1345 21 %
Average Gail score (X, SD) 12 (1.3) 1350 unknown
Percent with family history 35 % 1349 unknown

Randomization was successful in that there were no
significant differences in demographic variables be-
tween arms. Also, there were no significant baseline
differences between participants who dropped out of
the study and participants who provided some
12 month follow-up data. Table 3 presents changes
from baseline to follow-up for key main outcome
variables.

Variables included in the adjustment were age, race,
education/income, Gail score, time of recruitment,
and baseline value of outcome variable. The key
outcome variables included mammography in the last
year (1= obtained mammography screening), fre-
quency of breast self-examination (BSE) (1= BSE in
the last month), mental health score from the quality
of life measurement (continuous score), and interest in
genetic testing (continuous score). We restricted the
mammography analysis to women over 40 (n = 672).
In general, mammography and BSE increased signif-
icantly in the intervention group relative to the con-
trol group, as did quality of life values. An average of
70 % of women in the intervention and comparison
groups reported obtaining mammography screening

at baseline. Women in the intervention group
reported an increase of 13 % from baseline to
follow-up while women in the control group reported
a decrease of 1 %. These patterns were significantly
different, in both adjusted and unadjusted analyses. A
similar pattern of change occurred for BSE. Interven-
tion women increased the irrate of BSE from 40 to
62 %. Women in the control group reported no aver-
age change from a baseline value of 41 %, and the
lack of change was significantly different from inter-
vention women. Women in the intervention group
reported statistically significant decreases in interest
in genetic testing, compared to control women, in
both unadjusted and adjusted analyses (intervention
decrease of 1.6 scale points versus control decrease of
0.1). Finally, quality of life scores improved signifi-
cantly for intervention women, compared to control
women. Values for intervention women on mental
health scales increased from 73.2 to 86.2, while con-
trol values increased from 73.9 to 74.2 from baseline
to follow-up.

We defined the dosage of intervention obtained
during the study period as how much participants used

Table 3 | Changes in main outcomes of the present study

Main Baseline 12-month Change Adjusted Intervention effect Confidence
outcomes value value change! (difference of intervals
changes)
Percent Percent
Mammography +13** 5.3-20.0
in past year
Intervention 69 % 82 % +13 % +13 %
n=334
Control =338 71 % 70 % -1% 0 %
BSE once per +19%* 13.1-27.7
month
Intervention 40 % 62 % +22 % +18 %
n= 655
Control n=653 41 % 41 % 0 % -1%
Genetic test -1.0* -0.32-2.1
interest (X)
Intervention 3.1 1.5 -1.6 -1.6
n= 655
Control n=653 3.1 2.9 -0.1 -0.1
Quality of life (x) +7.1 2.3-10.5
Intervention 73.2 86.2 +13.0 +7.1
n= 655
Control n=653 73.9 74.2 +0.3 +0

*$¢0.05; **p< 0.01

! Adjusted for age, race, education, income, medical risk, and time of recruitment
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the Web site and how much they participated in the
counseling options. The Web site use patterns varied
considerably among the 676 intervention participants.
The participants logged onto the Web site an average
of 1.6 times, with a range of 0-8 times during the study
intervention period. For each successful login period,
defined as being logged in for more than 15 s, the
participants hit an average of ten pages, with a range
of 2-30 pages per login. The most frequently hit pages
were the home page and the personal risk information
page. Of the 102 mixed-risk participants eligible for
counseling, 80 % participated in counseling. Of the 81
participants eligible for the first session of genetic
counseling, 92 % engaged in the session. We used
these multiple dosage indicators to calculate two sim-
ple aggregate dosage variables, Web use and counsel-
ing participation. Intensive Web use was calculated as
logging onto the Web site at least twice, and minimal
use was defined as logging on one or zero times.
Counseling participation was a dichotomous vari-
able (1= yes and 0= no), indicating whether or not the
participant engaged in either form of counseling.
Table 4 presents the results for the breast health out-
comes by knowledge change, cancer worry change, and
dosage of intervention for intervention participants only.

Key predictor variables included change in
knowledge of breast cancer and genetic testing
(high versus low using median splits), change in
cancer worry scale score (high versus low using
median split), and dosage of intervention (inten-
sive versus minimal). Variables included in the
adjustment were age, race, education/income,
Gail score, time of recruitment, and baseline val-
ue of outcome variable. As seen in Table 4, the
intervention changes for both screening behaviors
differed for different knowledge change sub-
groups; women who reported more breast cancer
knowledge increase also reported higher rates of
mammography and BSE at 12 months, compared
with women who reported smaller increases in
breast cancer knowledge. Screening outcomes dif-
fered for women in differing cancer worry change
subgroups as well; women who reported larger
reductions in cancer worry from baseline to
follow-up reported higher mammography and
BSE rates, compared with women who reported
smaller decreases in cancer worry. Dosage of
intervention did not differentially affect reported
screening rates for the intervention participants;
screening changes were similar for participants in

Table 4 | Intervention effects at 12 months for key predictor variables

Predictor! n= 665 Annual monthly mammography Genetic testing BSE Interest
(n=334) (n = 665) (n=665)
Breast cancer knowledge change
High mean effect 16 % 9 % -
Confidence Intervals 8-21** 3-11**
Low mean effect 9 % 4% -
Confidence intervals 4—18** 2-9*
Genetic testing knowledge change
High mean effect — — -2.4
Confidence intervals —1.3-5.8**
Low mean effect - - -3
Confidence intervals 1.2-1.8
Cancer worry change
High mean effect -14 % 10 % -1.4
Confidence intervals -9-15* 5-17** —-.6--2.8*
Low mean effect -9 % 2% -1.3
Confidence intervals -7-15* .9-8 -.5-1.9
Dosage of intervention
Intensive mean effect 13 % 7 % -1.3
Confidence intervals 6—29* 4-19* —.6-2.1**
Minimal mean effect 11 % 6 % -1.4
Confidence intervals 5-25% 3-16* —.4-2.3**
*£¢0.05; **p< 0.01
* Adjusted for age, race, education, income, medical risk, and time of recruitment
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the minimal and intensive dosage subgroups. Ge-
netic testing interest by subgroup of participants
is also shown in Table 4. Subgroups defined by
differential change in knowledge regarding genet-
ic testing differed in their genetic testing interest
outcomes; women who reported higher gains in
knowledge about genetic testing also reported
less interest in genetic testing after intervention.
Subgroup status regarding change in cancer wor-
ry and dosage of intervention did not differential-
ly affect interest in genetic testing.

DISCUSSION

This study was designed to test the efficacy of a
web-based intervention designed to improve
breast health behaviors. The intervention was
successful in increasing screening behaviors, both
mammography and BSE, over the 1 year inter-
vention period. The screening effects are in line
with the results of other interventions to improve
breast health choices [4-6, 8] and are roughly
equal to the effects found in our previous inter-
vention using paper and in-person contact [22].
We were surprised by the intensity of the effects
of this intervention. Although we expected that
this intervention would be successful, we did not
hypothesize similar size effects to our previous
public health intervention [22]. The CONSORT
flow chart is available in the Appendix.

Women in the intervention group reduced interest in
genetic testing compared to control women. Again, this
is exciting because women report inappropriately high
interest in genetic testing, compared to their actual
medical risk. Our previous intervention research has
shown reductions in genetic testing interest [4], even
when delivered through a primary care setting [48].

This result provides support for future research
that rigorously evaluates these types of interven-
tions. Not only is it possible to conduct efficacy
studies in this setting, but it is necessary to do so
to enable later dissemination of efficacious inter-
ventions to public health and clinical settings. We
should use the same high standards of evaluation
for electronic and interactive interventions that
we use for print and other interventions. The
positive effects of the intervention presented here
indicate that web-based interventions can change
health behavior; this lends support for design,
development, and evaluation of future similar
interventions in other applications and settings.

There are many limitations to the present study
that limit the interpretation and generalization.

First, the study recruited only women with access
to the Internet at home. This limits the general-
ization of possible benefit to women with home
Internet access. We know nothing about women
who do not have access, and our next line of
research is to study how to provide support and
aid to these women. Undoubtedly, they differ in
many ways from women with convenient home
Internet access. Also, the findings are based on
self-reported screening and other variables. We
do know that self-reported screening is reason-
ably associated with screening accounts collected
via medical records, but the chance exists for
differential reporting by intervention group that
could incur bias in outcome measure. The sam-
pling methods and response rates were reason-
able, but still the sample does not completely
represent the defined population of the region.
We were not able to include individuals without
Internet access, so it is likely that we underrep-
resented lower income women. The intervention
was most easily used by competent and experi-
enced computer/Web users. Even with home ac-
cess to the Internet, less computer-savvy women
might have found it difficult to participate fully.
Women who did not appear on the initial tele-
phone lists would be excluded from the study.
The lists contained known biases. The list
under-sampled poor households due to character-
istics such as higher mobility, frequent address
changes, and lack of land telephone; therefore,
very poor women would not be represented in
this study. Women without land telephones
(about 3 % of the population at the time of the
study) were excluded because of the data collec-
tion methodology and therefore were not repre-
sented in the sample.

This intervention package was simple to imple-
ment and could certainly fit well within an exist-
ing breast clinic, mammography facility, HMO
setting, or primary care group. In fact, many
health care organizations have their own Web-
based supports for patient/client information,
scheduling, and discussion with their providers.
Referrals to a breast health Web site such as ours
to answer patients’ questions and support dialog
with their providers might work well in such a
system. Support for disseminating this type of
intervention might be found in health care organ-
izations that want to increase use of appropriate
services, while helping the public to understand
more about services that are only appropriate for
higher-risk women or other subgroups.
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Appendix

CONSORT 2010 Flow Diagram

[ Enrollment ]

Assessed for eligibility (n=2518)

Excluded (n=1164)
+ Not meet inclusion criteria(n=2040)

"1 + Declined to participate (n=478)
¢ Other reasons (n= 0)

Randomized (n=1354)

!

\ [ Allocation ] v
Allocated to intervention (n=677) Allocated to intervention (n=677)
+ Received allocated intervention (n=677 ) + Received allocated intervention (n=677)
+ Did not receive allocated intervention (give + Did not receive allocated intervention (give
reasons) (n=0) reasons) (n=0)
v [ Follow-Up ] v
AN J
Lost to follow-up (n=72) Lost to follow-up (n=76)
Time, move, lack of interest Time, moved, lack of intersst
Discontinued interventiop (give reasons) (n=0) Discontinued intervention (give reasons) (n=0)
v [ Analysis ] v
Analysed (n=605) Analysed (n=601)
+ Excluded from analysis (give reasons) (n=0) + Excluded from analysis (give reasons) (n=0)

Fig. 1| CONSORT 2010 flow diagram
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