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Purpose: To assess the effectiveness of computerized familial risk
assessment and tailored messages for identifying individuals for tar-
geted cancer prevention strategies and motivating behavior change.
Methods: We conducted a randomized clinical trial in primary care
patients aged 35–65 years using Family Healthware, a self-adminis-
tered, internet-based tool that collects family history for six common
diseases including breast cancer, colon cancer, and ovarian cancer,
stratifies risk into three tiers, and provides tailored prevention messages.
Cancer screening adherence and consultation were measured at baseline
and 6-month follow-up. Results: Of 3283 participants, 34% were at
strong or moderate risk of at least one of the cancers. Family Health-
ware identified additional participants for whom earlier screening (co-
lon cancer, 4.4%; breast cancer, women ages: 35–39 years, 9%) or
genetic assessment (colon cancer, 2.5%; breast cancer, 10%; and
ovarian cancer, 4%) may be indicated. Fewer than half were already
adherent with risk-based screening. Screening adherence improved
for all risk categories with no difference between intervention and
control groups. Consultation with specialists did not differ between
groups. Conclusion: Family Healthware identified patients for in-
tensified cancer prevention. Engagement of clinicians and patients,
integration with clinical decision support, and inclusion of nonfa-
milial risk factors may be necessary to achieve the full potential of
computerized risk assessment. Genet Med 2011:13(11):956–965.
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Family history is a well-established risk factor for breast
cancer,1,2 colorectal cancer,3,4 and ovarian cancer.5 Family

history-based risk assessment for cancer and other common dis-

eases has potential utility to guide or to motivate risk-specific
strategies to reduce the disease burden for individuals, families,
and populations. Prevention and early detection protocols for these
cancers vary according to familial risk.6–17 Genetic counseling is
recommended for people at increased risk for hereditary cancer
susceptibility, and earlier screening for breast and colon cancer is
indicated for a moderate or strong family history.18,19

In 2009, the National Institutes of Health convened a State-
of-the-Science Conference to review the scientific foundation
for using family history information about common diseases in
primary care.20 The evidence-based review21 found a dearth of
controlled interventional trials evaluating the clinical utility of
family history assessment; two studies demonstrated improve-
ment in primary care/general population settings for mammog-
raphy screening, breast self-examination, and clinical breast
examination with systematic collection of family history.22,23

Recognizing that family health history is rarely used to its
full potential in practice, the Centers for Disease Control and
Prevention (CDC) developed Family Healthware, an interac-
tive, internet-based tool that guides users to record family
history, stratifies familial risk for coronary heart disease, stroke,
diabetes, and colon, breast, and ovarian cancers, and provides
risk-based recommendations for screening tests and lifestyle
changes.24 The CDC selected three academic centers that de-
signed and conducted the Family Healthware Impact Trial
(FHITr) to evaluate the clinical utility of Family Healthware.
Because most preventive services are delivered in primary
care,25 the effects of Family Healthware on preventive care
were evaluated by a randomized trial in primary care practices.
We have previously reported that using Family Healthware
increased patients’ fruit and vegetable intake and physical ac-
tivity but appeared to decrease cholesterol screening and did not
affect smoking nor screening for diabetes.26

We hypothesized (1) that Family Healthware would identify
participants eligible for additional cancer screening and referrals
because of their family history-based risk of cancer and (2) that
patients who recorded their family history and received specific
cancer prevention messages tailored to their familial risk levels
would be more likely to adhere to risk-appropriate cancer screen-
ing than patients who did not have their family history assessed and
who received generic (not personalized) prevention messages. In
this study, we report the number of additional candidates identified
for cancer screening because of familial risk and the effect of using
Family Healthware on cancer screening and consultation with
specialists (including genetics consultation) related to breast, ovar-
ian, and colon cancers.

MATERIALS AND METHODS

Complete details of Family Healthware design24 and FHITr
study design and surveys27 have been published elsewhere and
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are briefly summarized in this study. Family Healthware is an
interactive, self-administered, internet-based tool that collects
data on disease history of first- and second-degree relatives and
health behaviors and screening tests. A set of software algo-
rithms in Family Healthware analyzes and stratifies familial risk
into three tiers (strong, moderate, weak) based on the number of
relatives affected, their age at disease onset, their sex, the
degrees of relationship, and certain combinations of cancer in
the family within the same lineage.28 For example, the algo-
rithm for familial colon cancer risk considers family history of
both colon cancer and ovarian cancer; breast cancer risk assess-
ment takes into account breast cancer and ovarian cancer; and
ovarian cancer risk assessment factors in family history of
colon, breast, and ovarian cancers. Clinical validity (accuracy of
disease risk prediction) of the Family Healthware cancer risk
algorithms seems to be fair, as gauged by comparison to pop-
ulation-based risk stratification in unaffected individuals.29 A
second set of algorithms generates tailored prevention messages
based on familial risk level, sex, age, reported health behaviors
(physical activity, diet, smoking, alcohol use, and aspirin use),
and screening history.24

FHITr used a practice-based cluster-randomized design
whereby 41 primary care practices (internal medicine, family
medicine, and obstetrics-gynecology) were randomized into
intervention or control arms. Participants were healthy adults
aged 35–65 years. Exclusion criteria included a personal history
of coronary heart disease, diabetes, stroke, or any cancer other
than nonmelanoma skin cancer, the inability to speak or read
English, and known pregnancy. Potential participants were sys-
tematically identified from the practices’ patient schedules and
records. Patients received invitation letters signed by their pri-
mary care physicians. Physicians’ study participation entailed
signing the invitation letters and permitting access to schedules
and charts. All participants were asked to share the printed
prevention messages with their physicians. Active modes of
delivery of study messages varied among study sites: printed
messages were provided in person to the participant at a sched-
uled primary care visit (two sites) and provided to the physician
either with the patient’s permission or without or sent to the
participant by e-mail or mail (one site). A resource manual was
provided to all physician practices summarizing screening rec-
ommendations and prevention strategies (analogous to those
used for the programming of tailored messages in Family
Healthware), with citations. Study protocols were approved in
2004 by institutional review boards at all three centers, and a
combined protocol was approved by the CDC’s institutional
review board. Informed consent was obtained from all subjects.
Recruitment took place from November 2005 to March 2007.

Intervention and control groups each completed an identical
online 128-question baseline survey assessing health behaviors,
lifestyle choices, risk perceptions, and communication about
family health history. The intervention group completed Family
Healthware following the baseline survey and received person-
alized risk assessment and tailored prevention messages gener-
ated by Family Healthware. Intervention messages consisted of
the following: Weak familial risk—reinforce standard preven-
tion recommendations; Moderate risk—personalized prevention
recommendations; and Strong risk—personalized prevention
recommendations and referral to specialist. Control subjects
received generalized (not personalized) prevention messages
following completion of the baseline survey. Each group com-
pleted an identical follow-up survey at 6 months. The control
group then completed Family Healthware, to allow for familial
risk stratification. Table 1 gives examples of intervention and
control breast cancer risk and prevention messages received

on-screen and in printable form. Surveys and Family Health-
ware could be completed online at the study website (all three
study sites), at a computer in the physician’s office (one site), or
by a structured telephone interview (two sites) to facilitate
enrollment of noncomputer literate individuals. Colorectal can-
cer was referred to as “colon cancer” in materials read by
participants (e.g., Family Healthware tool and messages); for
consistency, we preferentially use the term “colon cancer” in
this article, although recognizing that in general “colorectal” is
the proper usage.

Only participants who completed the baseline assessment,
6-month follow-up assessment, and Family Healthware (in
proper sequence) are included in analyzing the effects of the
intervention. For women aged 35–40 years, adherence to clin-
ical breast examinations could not be accurately assessed be-
cause the longest response category was “3 or more years ago”;
therefore, these participants were excluded from these analyses.
Analyses of screening excluded those with an interim diagnosis
of cancer, as it was not possible to determine whether tests or
consultations were performed for screening or diagnostic pur-
poses. However, as cancer diagnosis is a potential outcome of
the study intervention, we report the characteristics of the indi-
viduals in control and intervention groups who were diagnosed
with cancer during the follow-up period.

Analysis

Measures of cancer screening behaviors
Measures of cancer screening behavior included self-re-

ported completion of screening tests for each cancer and uptake
of referral to a specialist. Self-reported cancer screening adher-
ence was determined for each participant in two ways: (1)
adherence to screening that is recommended for the general
population at average risk and (2) adherence to “risk-based”
screening for which participants were eligible according to
familial risk level, as assessed by Family Healthware. Partici-
pants at “Weak” familial risk were eligible for cancer screening
as recommended for the general population. Screening adherence
definitions for breast and colon cancer are provided in Table 2. The
recommendations based on familial risk were those in effect at the
time when the FHITr study was conducted.6–17 Risk level defini-
tions were based on published data and expert recommendations:
breast cancer—weak,6 moderate,7–10 and strong7–13 and colon can-
cer—weak,14 moderate,15–17 and strong.15,17 Women aged 35–39
years at strong risk were counted as adherent if they had ever had
a mammogram.

Because colon cancer screening recommendations could be
satisfied by having fecal occult blood testing, sigmoidoscopy, or
colonoscopy within the recommended time interval, we devel-
oped a composite colon cancer screening definition where “ad-
herent” means that the patient has satisfied screening recom-
mendations for one or more modality.

In contrast to breast cancer and colon cancer, ovarian
cancer does not have any evidence-based, strongly supported
screening recommendations, and screening is advised against
for average-risk women.30 Women at moderate or strong risk
were recommended to talk with their health professional
about their family history, how it affects their risk, and
options for prevention and screening (such as blood CA-125
and ultrasound).31–33 Although there is no standard for
screening adherence, we examined the impact of the inter-
vention on women with ovaries having CA-125 and/or trans-
vaginal ultrasound during the follow-up.
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Table 2 Screening adherence definitions

Average risk Moderate risk Strong risk

Colon Age �50 years, fecal occult blood
testing in last year or flexible
sigmoidoscopy in last 5 years
or colonoscopy in last 10 years

Age �40 years, fecal occult blood
testing in last year or flexible
sigmoidoscopy in last 5 years
or colonoscopy in last 10 years

Age �30 years,
colonoscopy in last 5
years

Mammogram Women, age �40 years, in the
last year

Women, age �40 years, in the
last year

Women, age �20 years,
in the last year

Clinical breast
examination

Women, age �40 years, in the
last 2 years

Women, age �40 years, in the
last 2 years

Women, age �20 years,
in the last year

Table 1 Family Healthware Study: Examples of breast cancer prevention messages for a woman �40 years old who
reported not having had a mammogram in the past year: Control message and personalized messages for Weak and
Strong familial risk

Control Message Breast Cancer Screening:

For women, talk to your health professional about a breast exam and when to get breast cancer screening.

● A clinical breast exam is a breast cancer screening test that may help detect breast cancer early, when it is
most treatable.

● Clinical breast exams are used in combination with mammograms when you reach age 40 and older.

Personalized Messages

WEAK
Familial Risk

The impact of your family history on Breast Cancer risk is WEAK
(indicated in green)

Breast Cancer Screening:
�Same as Control message above, plus:�
Talk to your health professional about breast cancer screening tests, and when and how often you should be

screened.

STRONG
Familial Risk

The impact of your family history on Breast Cancer risk is: STRONG.
(indicated in red).

Why your family history is a risk factor:

● (specific family history features, e.g., family members with breast cancer at a young age).

● Some inherited forms of breast and ovarian cancer are more common in Ashkenazi Jewish families.

The following can help reduce your overall risk:

Screening Tests:

Schedule breast cancer screening today.

Talk to your health professional about your family history, how it affects your breast cancer risk, and your
options for screening and prevention.

● Mammograms and clinical breast exams are screening tests that help detect breast cancer early, when it is most
treatable.

● There are also other ways to screen for and prevent breast cancer among women with the highest risk.

Learn more about breast cancer screening tests �

● Clinical breast exams may lead to early detection of breast cancer, especially in combination with mammogram
for women age 40 and older. Schedule an appointment to have a clinical breast exam every year.

● Make an appointment for a mammogram every year. Mammogram can lead to early detection of breast cancer.

● Talk to your doctor about your breast cancer risk. Because of your family history, your doctor might suggest
other screening tests.

Talk to your health professional about your risk of breast cancer, the tests that are best for you, and how often
you should be screened.

Additional Risk assessment:

Your health professional may suggest additional steps to assess your risk, which might include specialized tests, a
genetic evaluation, or genetic testing.
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Analysis of participants eligible for additional cancer
screening and referrals

Adherence at baseline to “general population” and “risk-
based” screening recommendations for colon cancer and breast
cancer was compared between intervention and control groups
and among familial risk categories. Comparisons between in-
tervention and control groups used generalized estimating equa-
tion-based logistic regression models to account for cluster
randomization. No significant differences were found between
the experimental groups; therefore, to improve power, we com-
bined intervention and control groups to describe participants
eligible for heightened cancer screening and referrals.

Analysis of outcomes: Cancer screening and referrals
Subjects who were adherent to risk-appropriate screening at

baseline were excluded from screening change analyses. Sub-
jects with “room to improve” at baseline included individuals
who were eligible for a screening test based on age, sex, and
familial risk level but were not adherent with screening. Odds
ratios and P values were obtained from a generalized estimating
equation-based logistic regression model to account for cluster
randomization. Odds ratios are reported for improvement in
intervention versus control groups. Analyses were performed
within each risk group (e.g., strong, moderate, and weak),
comparing intervention with control. Analyses were also per-
formed for all intervention versus all control subjects, adjusted
for risk and baseline screening status. Messages about referral for
consultation were restricted to the strong risk intervention group;
therefore, we combined the weak and moderate risk groups for
analyses of referral behaviors.

Subjects were asked the following questions about consulta-
tions: “In the last six months, have you visited a medical
professional (such as a genetic counselor, etc.) other than your
regular doctor because of concerns about cancer?” and “In the
last six months, have you consulted a genetic specialist, had
genetic counseling or genetic testing, other than for fertility,
prenatal care or childbearing?” For analysis of consultations,
subjects were sorted into weak/moderate and strong “cancer risk
groups,” where strong cancer risk was defined as having at least
one strong risk for breast, ovarian, or colon cancer. Generalized
estimating equation-based logistic regression models were used
to compare intervention and control arms, within each cancer
risk group.

Posthoc power calculations were based on two-group com-
parison of independent proportions at 5% level of significance.

RESULTS

Demographic characteristics of the study sample
Of the 4248 patients who volunteered for the study, 3786

completed the baseline survey. Overall, the study had an 18%
recruitment rate, an 89% retention rate from time of consent to
completion of the baseline survey, and an 88% retention rate
from baseline to follow-up. The distribution of participants by
primary care specialty was Family Practice 1834 (48%), Inter-
nal Medicine 1485 (39%), and Obstetrics/Gynecology 467
(12%). The study population had a mean age of 50.6 years and
was mostly white (91%), female (70%), married (76%), insured
(97%), highly educated (72% college graduates), and high in-
come. The distribution of demographic characteristics across
the two study arms is summarized in Table 3. Although statis-
tically significant differences exist with respect to many of the
characteristics when analyzed without any adjustments, no sta-
tistically significant demographic differences between control

and intervention groups remained when we controlled for the
practice level clustering. After the exclusions described above
(e.g., individuals with an interim diagnosis of cancer), 3283
participants were available for analysis regarding the effects of
the intervention.

Distribution of familial cancer risks
Table 4 shows that there were no differences between study

arms in the distribution of participants among family history
risk categories for the three cancers. Thirty-four percent of
study participants were found to be at strong or moderate risk
for at least one of the three cancers.

Baseline cancer screening
Based on recommendations for the general population (not

on familial risk), study participants who were eligible for
screening had very high rates of adherence for breast and colon
cancer, as summarized in Table 5. For example, overall baseline
adherence to screening recommended for the general population
was 79% for colon cancer, 76% for mammograms, and 96% for
clinical breast examinations. Screening adherence rates did not
differ at baseline between the study arms. For colon cancer
screening, study participants were adherent with screening by

Table 3 Demographics of study participants by study
arm at baseline

Characteristics

Intervention arm
(N � 2364),

N (%)

Control arm
(N � 1422),

N (%)

Female gender 1676 (71) 962 (68)

Age (SD) 50.3 (8.4) 51.1 (8.0)

Hispanic or Latino 58 (2) 29 (2)

Race

White or Caucasian 2134 (90) 1320 (93)

Black or African American 87 (4) 35 (3)

Asian 70 (3) 31 (2)

Other 42 (1.8) 20 (1.4)

More than one race 31 (1.3) 16 (1.1)

Marital status

Single, never married 203 (9) 96 (7)

Married/living with partner 1857 (79) 1135 (80)

Separated/divorced 260 (11) 160 (11)

Widowed 44 (2) 31 (2)

Annual household incomea

�$25,000 91 (4) 41 (3)

$25,001–$35,000 102 (5) 45 (4)

$35,001–$50,000 218 (11) 106 (8)

$50,001–$75,000 402 (19) 228 (18)

�$75,000 1262 (61) 834 (67)

Currently has health insurance 2276 (96) 1380 (97)
aTwelve percent not reported in either group.
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fecal occult blood testing (359/1871 � 19%), flexible sigmoid-
oscopy (284/1871 � 15%), and colonoscopy (1336/1871 �
71%). There was no difference between the study arms on these
screening methods (P � 0.17). Study participants at moderate
and strong risk for breast or colon cancer were more likely to be
current if eligible for breast or colon cancer screening according
to general population guidelines, compared with those who
were not at increased familial risk (P � 0.01).

At baseline, among female participants with intact ovaries,
only 114 (5%) had ever had a serum CA-125 and 678 (32%) had

ever had a transvaginal ultrasound. The rates were not signifi-
cantly different between the two study arms (P � 0.32).

Identification of participants eligible for additional
cancer screening and consultation

Family Healthware identified 145 participants (4.4% of 3283
total intervention and control participants) who may be candi-
dates for earlier and more frequent colon cancer screening
because of increased familial colon cancer risk (Table 5). Thirty-

Table 4 Family history based risk levels for colon, breast, and ovarian cancers

Intervention (N � 2077) Control (N � 1206)

PaWeak Moderate Strong Weak Moderate Strong

Colon cancer 1795 (86) 235 (11) 47 (2) 1029 (85) 141 (12) 36 (3) 0.283

Breast cancer 1605 (77) 271 (13) 201 (10) 954 (79) 132 (11) 120 (10) 0.349

Ovarian cancer 1880 (91) 112 (5) 85 (4) 1094 (91) 69 (6) 43 (4) 0.662

Data represent number (%) for each familial risk category by level and study arm for N � 3283 subjects after exclusions. Note that men are included in assessment of
breast cancer and ovarian cancer risk because risk is familial and may be also pertinent to their relatives.
aThe comparisons of proportions for each familial risk category are between study arms and are adjusted for practice clustering and site differences.

Table 5 Number of participants eligible for screening, according to familial risk category, and percent already
adherent at baselinea

Colon cancer screening

Familial colon cancer
risk category

Screening recommended for people at
average risk

Additional participants eligible for
screening because of increased familial

colon cancer riskb

N Eligible % Adherentc N Eligible % Adherent

Weak 1584 78 — —

Moderate 239 88 110 45

Strong 48 88 35 37

Total 1871 79 145 43

Breast cancer screening: Mammogramsd

Familial breast cancer
risk category

Screening recommended for women at
average risk

Additional participants eligible for
screening because of strong familial

breast cancer riske

N Eligible % Adherentc N Eligible % Adherent

Weak 1532 74 — —

Moderate 289 82 — —

Strong 218 77 24 17

Total 2039 76 24 17
aBaseline data on screening shown for intervention and control groups combined, as they did not differ on adherence (P � 0.98 for colon cancer screening, P � 0.32
for breast cancer screening, using generalized estimating equations in logistic regression models adjusted for practice-level clustering and risk category). Eligibility for
cancer screening was assessed among 3283 participants.
bFor example, people at moderate familial risk were eligible for colon cancer screening at age 40 or 10 years younger than the earliest age at diagnosis of colon cancer
in the family, instead of starting at age 50 years.
cAdherence to colon cancer and breast cancer screening recommended for the general population was significantly greater for people at increased familial risk (P � 0.01).
dData on clinical breast examinations are not shown; 96% of women in intervention and control groups were up-to-date with clinical breast examinations at baseline and
97% at follow-up.
eMammograms were recommended for women younger than 40 years only in the strong familial risk category. All women older than 40 years received similar
mammography recommendations.
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five were at strong and 110 at moderate familial risk of colon
cancer. Only 43% of these participants had obtained the indicated
screening before study enrollment. Family Healthware identified
24 women (9% of 267 participants aged 35–39 years) at strong risk
of breast cancer, eligible for breast cancer screening earlier than 40
years of age. Of these, only four (17%) had received a mammo-
gram before study enrollment.

Individuals at strong familial cancer risk were eligible for
genetic risk assessment. Two and a half percent (83/3283) of
participants were at strong risk of colon cancer, 9.8% (321/
3283) at strong risk of breast cancer, and 3.9% (128/3283) at
strong risk of ovarian cancer (Table 4). Only 3% of participants
had undergone genetic consultation or genetic testing before
study enrollment for concerns about cancer.

Effect of Family Healthware intervention on cancer
screening among participants not adherent at
baseline

As summarized in Table 6, there was no significant differ-
ence between groups in the percent of study participants moving
from not adherent to adherent with colon cancer screening in
any familial risk category. Because of high baseline screening
rates, the power to detect a difference between the study arms
was 0.06.

There was no significant difference between the study arms
in the percent of women becoming adherent with mammogra-
phy by familial risk category (Table 6). Because of high base-
line adherence, the power to detect a difference between the
study arms was 0.19. Almost all women were adherent to
clinical breast examinations at baseline. There was no signifi-
cant difference between the study arms in the percent of women
becoming adherent with clinical breast examination by familial
risk category (data not shown).

During the follow-up of 6 months, 47 (2%) women with
ovaries got a CA-125 and 100 (5%) had a transvaginal ultra-
sound. There was no measurable difference between the study
arms (P � 0.09).

Analyses including all participants (including those up-to-
date on screening at baseline) showed that both intervention and
control groups equally increased their adherence to risk-based
colon cancer screening and mammography. The intervention
group went from 76% adherent to risk-appropriate colon cancer
screening at baseline to 84% adherent at follow-up, whereas the
control group improved from 77% adherent to 84% at follow-up
(P � 0.95 for comparison between study arms, adjusting for
practice clustering, risk, and baseline adherence). Similarly,
risk-based mammogram screening adherence increased from 73
to 82% in the intervention group and from 78 to 85% in the
control group (P � 0.82 for comparison between study arms).
There was no significant difference in cancer screening at
follow-up among participants who received messages that their
family history was a “Weak” risk factor for cancer, compared
with those in the control group (data not shown).

Consultations about cancer risk
Only 11 (six intervention and five control) subjects reported

that they had visited a genetic specialist during the 6-month
follow-up period. Differences between intervention and control
groups in self-reported consultation with a medical specialist
about cancer risk at follow-up were examined for 2895 subjects
at weak or moderate risk for all three cancers and 383 subjects
at strong risk for at least one cancer. No statistically significant
differences were found for the weak/moderate risk subjects
(2.4% intervention vs. 3.1% control, P � 0.27) or the strong risk
subjects (6.2% vs. 7.0%, P � 0.79) for consultation with a
specialist about cancer risk.

Characteristics of participants diagnosed with cancer
Because the questionnaire did not distinguish screening from

diagnostic procedures and consultations, the 34 participants
who reported a cancer diagnosis between the baseline and
follow-up assessments were excluded from analyses of screen-
ing adherence. However, as cancer diagnosis is a potential study
outcome, the characteristics of these individuals are reported in

Table 6 Change in colon cancer and breast cancer screening adherence by risk levela

Intervention
(% improved)

Control
(% improved)

OR
(95% CI) P Power

Colon cancer screening (N � 472 participants who were
not adherent to risk-appropriate screening
at baseline)

Strong CC risk 5/14 (36) 3/14 (21) 1.9 (0.5–7.2) 0.33 0.07

Moderate CC risk 9/55 (16) 6/33 (18) 0.9 (0.3–3.1) 0.86 0.06

Weak CC risk 90/222 (40) 58/134 (43) 0.9 (0.6–1.6) 0.77 0.09

Overall (adjusted for risk) 104/291 (36) 67/181 (37) 0.9 (0.6–1.4) 0.77 0.06

Mammographic screening (N � 515 female participants
who were not adherent to risk-appropriate
screening at baseline)

Strong BC risk 27/45 (60) 17/26 (65) 0.8 (0.3–2.2) 0.65 0.08

Moderate BC risk 22/35 (63) 10/17 (59) 0.7 (0.4–1.4) 0.28 0.07

Weak BC risk 157/272 (58) 77/120 (64) 1.0 (0.6–1.6) 0.92 0.20

Overall (adjusted for risk) 206/352 (59) 104/163 (64) 0.9 (0.6–1.5) 0.82 0.19
aUnadjusted odds ratios except where noted for overall analyses.
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this study. Seven participants reported a new breast cancer
diagnosis (five in the intervention group and two in the control
group); 27 reported “other” cancer; and none reported a colon
cancer or ovarian cancer diagnosis. The characteristics of pa-
tients reporting breast cancer were five of seven adherent with
mammograms, all seven adherent with clinical breast examina-
tion at baseline. Breast cancer risk levels were moderate � 3
and weak � 4. Only two of these women were not up to date on
their mammogram screening and had “room to improve.” The
distribution of the patients reporting “other” cancer were inter-
vention n � 17 and control n � 10.

DISCUSSION

Family Healthware, a self-administered, internet-based tool,
was used by primary care adult patients to record their family
history outside of the clinician-patient encounter and to receive
tailored familial disease risk and prevention information. Ele-
vated familial cancer risk was highly prevalent: 34% of partic-
ipants were at strong or moderate risk for at least one of the
three cancers. Before enrollment, participants at increased fa-
milial risk for colon or breast cancer were more likely than
those with low familial risk to be adherent if eligible for cancer
screening recommended for the general population of their age
and sex. Family Healthware also identified that 4.4% of all
participants were potentially eligible for colon cancer screening
beyond that recommended for the general population, and 9% of
female participants aged 35–39 years seemed eligible for earlier
breast cancer screening. Furthermore, a sizeable percentage of
all participants—approximately 2.5% for colon cancer, 10% for
breast cancer, and 4% for ovarian cancer—were potential can-
didates for genetic risk assessment. However, fewer than half of
the additional participants, for whom colon cancer screening
was indicated based on family history, were adherent with
risk-based colon cancer screening, and a mere 17% of eligible
women aged 35–39 years had obtained early mammography.
Consultation for familial cancer risk was rare, reported in only
3% of participants at baseline. Therefore, Family Healthware
identified a group at increased cancer risk in need of targeted
preventive measures.

Although small in absolute numbers, those at strong risk
represent a group in whom screening and referral are of the
utmost importance. Referral of these individuals for genetic
counseling and cascade genetic testing within their families is a
powerful way to focus screening recommendations for many of
the highest risk individuals within a population.34,35

We hypothesized that tailoring preventive recommendations
on an individual’s family history of breast, ovarian, and colon
cancers should increase the percentage of patients completing
these recommendations, especially from a population of adults
aged 35–65 years with an established primary care provider
relationship. In this setting, both the Family Healthware inter-
vention and the standard prevention messages were associated
with an increase in the percentage of adults adherent with
screening for breast or colon cancer 6 months later. However,
there was no significant difference in screening rates between
the control group and the group using Family Healthware, either
as a whole or within levels of familial risk. Thus, we also found
no evidence that tailored messages conveying information about
weak familial risk resulted in complacency about cancer screen-
ing. Conversely, there was no evidence that use of Family
Healthware resulted in overscreening for those at weak risk.

The FHITr demonstrated the feasibility of implementing
self-administered family history risk assessment in primary
care, but conducting this study with unselected, healthy patients

limited the enrollment of people in need of screening and the
power to detect an effect. The population recruited to the FHITr
study had far higher screening adherence rates than a national
sample, as measured by the Behavioral Risk Factor Surveillance
System.36 FHITr compared with national mammography rates
for women aged 40 years or older were 76% vs. 61%, and
FHITr compared with national combined fecal occult blood
testing/endoscopic colon cancer screening rates for adults age
50 years or older were 79% vs. 60%.36 This reflects the so-
ciodemographic features of our study population such as having
private insurance, being non-Hispanic white, a higher education
level, and having a physician,36–38 factors associated with
higher cancer screening rates. Furthermore, as others have also
observed,38 participants with increased familial risk of a specific
type of cancer were more likely to be already up-to-date on
screening for that type of cancer, before study enrollment. The
resulting ceiling effect left only a small proportion of partici-
pants in whom effects of the intervention could be observed.
Smaller still was the proportion of subjects who had strong or
moderate familial cancer risks. The posthoc power to detect a
difference between the overall intervention versus control group
ranged from 0.19 for mammogram screening to 0.06 for colon
cancer screening.

The nature of the study as an evaluation of a computerized
health tool may have created a perceived need for computer
literacy and access and thereby limited the diversity of the study
population. We attempted to mitigate this effect by facilitating
participation for those without internet access at home. Partic-
ipants could complete the study by phone by interview or in the
clinic. Telephone assistance was used in lieu of direct computer
access by 9% of the study subjects, and there were no significant
demographic differences among groups using these two modes
of study participation.27

The greatest potential to measure the effect of an intervention
(and to serve that group) is in a population where baseline adher-
ence is low. Paradoxically, however, barriers to healthcare will
be larger in a group with lower levels of insurance, household
income, and education. Recruitment may also be more chal-
lenging. Therefore, we believe that in designing future studies
of this kind, strategies will be needed to reach eligible subjects
who have not been screened. In addition to the medically
underserved, it will be important to include younger participants
(aged 20–40 years) with a strong family history of cancer, as
this study demonstrated that the majority of these had not had
cancer screening that may have been indicated based on their
familial cancer risk.

In addition to the screening behaviors, we measured self-
reported visits to a medical professional other than the partici-
pant’s regular doctor because of concerns about cancer and
visits to a genetic specialist or genetic counselor. Either event
was extremely rare and was not influenced by the Family
Healthware messages. We are not able to determine whether
physicians made the recommendation to see such a provider.

Although it may seem surprising that the study participants at
strong risk did not avail themselves of cancer genetics services,
low rates of genetic assessment have been a recurrent theme,
even in academic settings. For example, evidence of physician
referral was found for only 7% of high-risk patients who were
seen at a National Cancer Institute-funded comprehensive can-
cer center ambulatory clinic and used a patient-administered
computerized cancer risk assessment program.39 A study of
computerized risk assessment among patients with breast cancer
in an academic medical oncology setting suggested that referral
uptake was reflected by stages of readiness that were not tra-
versed for all patients within a 6-month period,40 the time frame
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of our study. Recognizing that opportunities for colonoscopy or
mammography screening might be limited during the 6-month
follow-up period, FHITr used a modified Stages of Change
model as an intermediate outcome measurement of intention to
screen.41,42 Intention to undergo any cancer screening, as as-
sessed by the Stages of Change measures, did not differ signif-
icantly between study arms (data not shown).

The full set of Family Healthware tailored messages for all
six diseases ranged from 8 to 15 pages depending on the
familial risks. Clearly, there is a chance that the messages were
not fully read by the study participants. Furthermore, the added
exhortation to action in the tailored prevention recommendation
when compared with the standard messages (Table 1) may have
been too subtle and may not have been fully appreciated by the
participants. One interpretation of our results is that a written
message is generally not sufficient as a stand-alone intervention
for prompting cancer-related health behavior changes, even
when provided in the context of a primary care visit as was the
case for most subjects. However, our study may lack sufficient
power to state this definitively.

The messages delivered by Family Healthware need to be
refined. Because too much information might dilute the message
and paradoxically lead to inaction, the importance of various
elements of the message in prompting behavior change should
be better understood and used as parsimoniously as possible.
Family Healthware is programmed to inform individuals about
which family history features (affected relatives and early age
of cancer diagnosis) led to their strong or moderate risk cate-
gorization, because there is some evidence that tailored risk
communication based on age, family history, or risk category
influences risk perception and screening uptake.43,44 However,
it is unclear which specific elements of the messages are key.
Coupling optimized Family Healthware messages with addi-
tional interventions warrants further investigation.

Although screening did not differentially improve in the
intervention versus control group, the percentage of all eligible
subjects adherent to risk-based screening increased at 6-month
follow-up by 7% for colon cancer screening (change from 77 to
84% adherent) and 8% for mammography (75% to 83% adher-
ent). Among those not up-to-date at baseline, we observed a
60% increase in the proportion current on mammography and a
36% increase in the proportion current on colon cancer screen-
ing (Table 6). The increases observed in FHITr are commen-
surate with effects observed for other practice-based interven-
tions. For example, in a systematic review of strategies for
improving colorectal cancer screening,38 the percentage point
increase owing to various types of interventions ranged from
patient reminders (0–15%; highest figure with a nonsignificant
P value), education videos or brochures (not effective), decision
aids (mixed results; highest 14–23%), and group education (not
effective). One-on-one interventions and those focused on elim-
inating barriers such as access to care and language were
associated with a 15–42% increase in screening rates. System-
level interventions (e.g., clinician reminders and patient navi-
gators) showed a 7–28% improvement in screening.

Thus, it seems likely that in FHITr both the control activities
(baseline questionnaire and generic prevention messages) and
the intervention (baseline questionnaire, Family Healthware
questionnaire, and family history-tailored prevention messages)
served as prompts for patients and clinicians to accomplish
cancer screening. All evaluable FHITr subjects completed a
baseline survey assessing health behaviors, lifestyle choices,
risk perceptions, and communication of family health history.
The lengthy survey may have had unintended consequences of
leading participants in both groups to ponder over their own

health and/or may have been inferred as health recommendations.
Two thirds of participants had an upcoming visit with the primary
care clinician, offering an opportunity for advising screening,
which may have been enhanced by either generic or family history-
based prompts. With this study design, effects attributable to Fam-
ily Healthware itself may have been masked.

In the setting of significant family history for some diseases,
there is a risk that healthcare providers may order or patients
may request screening tests with no evidence to support a
benefit. Indeed, some of the physicians who were asked to
participate in the study voiced objections to the use of messages
about ovarian cancer screening and even the recommendation
that patients speak to their doctor about the issue. Although such
conversations may have occurred, our study shows that a low
proportion of women in this situation report getting serum
CA-125 testing or transvaginal ultrasounds.

The FHITr study provides limited insight into the use that
clinicians made, or might make, of the automatically generated
family history report and prevention prompts. Noninclusion by
Family Healthware of known risk factors such as colorectal
polyps, breast biopsy, and gestational diabetes may have limited
its utility for clinicians. Despite its computerized format, Family
Healthware was not integrated with the electronic medical re-
cord during this study; in the future, family history assessment
has the opportunity to link risk stratification with clinical deci-
sion support.45 Factors associated with improved clinical out-
comes using clinical decision support systems include auto-
matic provision of recommendations (not only assessments) as
part of clinician workflow and using computer-based methods at
the time and location of decision making.46 Design of future
studies and clinical implementation should incorporate these
factors to enhance utility of familial risk stratification.

In summary, the FHITr study did not find an effect of family
history-based prevention messages on cancer screening or con-
sultation behaviors in a largely white, well-educated, and afflu-
ent population whose screening rates were already high at
baseline. Unexpectedly high baseline screening rates resulted in
low power to detect an intervention effect. Nonetheless, Family
Healthware identified a substantial proportion of unscreened
participants for whom cancer screening and consultation for risk
assessment were recommended based on family history but
would not have been recommended for the general population at
average risk. It will be challenging but particularly important to
couple risk assessment to a more active intervention than writ-
ten messages and ultimately to achieve behavior change in a
less adherent population. Engagement of clinicians, incorpora-
tion of nonfamilial risk factors for comprehensive assessment,
and implementation of clinical decision support systems seem
to be some of the key factors necessary to achieve the full
potential of familial risk assessment.
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