
Components of family history associated with women’s
disease perceptions for cancer: A report from the

Family Healthware™ Impact Trial
Wendy S. Rubinstein, MD, PhD1,2,3, Suzanne M. O’Neill, MS, PhD2,4, Nan Rothrock, PhD5,

Erin J. Starzyk, MPH6, Jennifer L. Beaumont, MS5, Louise S. Acheson, MD, MS7,8,9,
Catharine Wang, PhD, MSc10, Robert Gramling, MD, DSc11, James M. Galliher, PhD12,

and Mack T. Ruffin IV, MD, MPH13

Purpose: To determine the specific components of family history and
personal characteristics related to disease perceptions about breast,
colon, and ovarian cancers. Methods: Baseline, cross-sectional data on
2,505 healthy women aged 35–65 years enrolled from 41 primary care
practices in the cluster-randomized Family Healthware™ Impact Trial,
assessed for detailed family history and perceived risk, perceived se-
verity, worry, and perceived control over getting six common diseases
including breast, colon, and ovarian cancers. Results: Participants pro-
vided family history information on 41,841 total relatives. We found
evidence of underreporting of paternal family history and lower per-
ceived breast cancer risk with cancer in the paternal versus maternal
lineage. We observed cancer-specific perceived risks and worry for
individual family history elements and also found novel “spillover”
effects where a family history of one cancer was associated with altered
disease perceptions of another. Having a mother with early-onset breast
or ovarian cancer was strongly associated with perceived risk of breast
cancer. Age, parenthood, and affected lineage were associated with
disease perceptions and ran counter to empiric risks. Conclusions:
Understanding patients’ formulation of risk for multiple diseases is
important for public health initiatives that seek to inform risk appraisal,
influence disease perceptions, or match preventive interventions to
existing risk perceptions. Genet Med 2011:13(1):52–62.
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Family medical history is a time-honored tool used by clini-
cians to assess patients’ risk of developing common, chronic

diseases and less common genetic disorders. An analysis of
family history can inform a differential diagnosis, guide early
detection and prevention strategies, and provide clinicians with
a means to develop rapport with patients. In a study assessing
laypeople’s attitudes about hypothetical disease risk, a positive
family history was more concerning than a positive genetic test
result.1 Although people make connections between their own
health and their relatives’ medical experiences, qualitative stud-
ies have shown that patients’ and clinicians’ interpretations of
family history often diverge.2–4 The challenge to motivate pa-
tients to adopt and maintain healthy behaviors and to obtain
recommended screening could be assisted by a better under-
standing of patients’ disease perceptions and how these corre-
late with key elements of their family history.

In recent years, there has been a strong interest in the devel-
opment of automated tools to efficiently gather family history
and provide an objective risk assessment.5–9 The rationale for
systematic familial risk assessment includes tailoring of screen-
ing recommendations, promotion of healthy behaviors (diet,
exercise, etc.), and referral for more comprehensive evaluation,
potentially including genetic counseling and genetic testing.
One such tool, Family Healthware™, is a Web-based program
developed by the Centers for Disease Control and Prevention
(CDC) that collects medical history about first- and second-
degree relatives, assesses and stratifies into three tiers familial
risk for coronary heart disease, stroke, diabetes, breast cancer
(BC), colon cancer (CC), and ovarian cancer (OC), and provides
tailored recommendations for screening tests and lifestyle
changes.5 The CDC selected three academic centers to evaluate
the clinical utility of Family Healthware in primary care settings
through the Family Healthware Impact Trial (FHITr).10

Perceptions of risk, severity, worry, and control are core com-
ponents of theories that explain health behavior including the
Health Belief Model,11,12 the Theory of Planned Behavior,13 the
Common-Sense Model,14 and Extended Parallel Process Model.15

Therefore, we measured these perceptions in the FHITr trial.10

Individuals with a family history of cancer have a greater likeli-
hood of undergoing cancer screening and have stronger intentions
to undergo future screening.16,17 But, although risk perception18,19

and worry20 and having a positive family history are predictive of
BC and CC screening adherence, these characteristics do not
correlate tightly, suggesting that additional factors are crucially
important as well. We have shown that, for example, among a large
primary care population of FHITr study participants, the familial
risk of common diseases was related to their perceived risk and
worry about these diseases, before any intervention.21 However,
the high rates of optimistic bias22,23 that we observed also may
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represent some of the factors contributing to nonideal rates of
screening adherence.

The specific family history elements underlying health be-
haviors are mostly unexamined except for BC, where having
affected first-degree relatives and the number of affected rela-
tives correlate with a greater likelihood of screening24,25 and
uptake of prophylactic mastectomy.26 The current analyses ex-
amine that which particular elements of participants’ detailed
family histories of BC, OC, and CC are related to their percep-
tions about their own susceptibility, severity, worry, and control
of these common cancers. Although most studies examine per-
ceptions for single diseases, patients often must gauge percep-
tions of multiple diseases. Here, we measure health beliefs
simultaneously for three types of cancer to better understand
variability of beliefs based on components of family history and
family structure.

MATERIALS AND METHODS

Overview of the Family Healthware Impact Trial
Complete details of Family Healthware design5 and FHITr

study design and surveys10 have been published elsewhere and
are briefly summarized here. Family Healthware is a self-ad-
ministered, internet-based tool that collects data on medical
history of first- and second-degree relatives, health behaviors,
and screening tests. Software algorithms analyze and stratify
familial risk into three tiers (strong, moderate, and weak) based
on the number of relatives affected, their age at disease onset,
their sex, the degrees of relationship, and the combinations of
diseases in the family.27 A second set of algorithms generates
personalized prevention messages based on risk level, reported
health behaviors (physical activity, diet, smoking, alcohol use,
and aspirin use), screening history, sex, and age.

The primary aim of the FHITr study was to evaluate the
clinical utility of familial risk stratification and tailored mes-
saging from Family Healthware using a practice based cluster-
randomized design.10 Participants were healthy adults aged
35–65 years, patients of 187 primary care clinicians in 13 states.
Exclusion criteria included a personal history of coronary heart
disease, diabetes, stroke, or any cancer other than nonmelanoma
skin cancer; inability to speak or read English; and known
pregnancy. Protocols were approved by institutional review
boards at CDC and all three research centers: NorthShore Uni-
versity HealthSystem (formerly Evanston Northwestern Health
care), University of Michigan, and Case Western Reserve Uni-
versity in cooperation with the American Academy of Family
Physicians’ National Research Network. Informed consent was
obtained from all subjects. Recruitment took place from No-
vember 2005 to March 2007.

Purpose of these analyses
The objective of this analysis was to determine the compo-

nents of family history and personal characteristics (e.g., age
and parenthood) that are most closely related to participants’
perceptions of risk, severity, worry, and control for BC, OC, and
CC. We used cross-sectional data measuring disease percep-
tions and family history information. The analysis was restricted
to women as two of the three cancers studied primarily affect
women. To limit complexity, analysis of family history ele-
ments pertaining to heart disease, stroke, and diabetes and
analyses in males are relegated to future reports.

Items and instruments
All participants completed a baseline survey that included

questions about perceived risk, perceived severity, worry, and
perceived control (collectively called disease perceptions) re-
lated to developing each disease.28 Each group subsequently
recorded their detailed family medical history using Family
Healthware: at baseline in the intervention group and at the end
of the follow-up approximately 6 months later in the control
group. After the baseline survey, the control group received
generic prevention messages, which are not expected to foster
inquiries into their family history. Familial risk distributions
were compared between the study arms and were not signifi-
cantly different for any of the cancers, supporting the use of
family history data assessed 6 months apart between groups.
Therefore, for this analysis, we combined baseline survey and
family history data from intervention and control participants.

Dependent variables
The disease perception measures constituted the dependent

variables. These were assessed by single-item questions using
5-point Likert scales and measured the following constructs for
each disease: Perceived risk: “Compared to most people your
age and sex, what would you say your chances are for devel-
oping _____ [disease]? (Much lower than average to much
higher than average)”22,23; Perceived severity: “Getting/Having
_____ [disease] would be a very serious problem. (Strongly
disagree to strongly agree)”; Worry: “During the past 4 weeks,
how often have you thought about your chances of getting
_____ [disease]? (Not at all to almost all the time)”29; Perceived
control: “There’s a lot I can do to prevent _____ [disease].
(Strongly disagree to strongly agree).”30

Independent variables
Current literature indicates that family history variables such

as total number of relatives with BC, young age when affected,
death from the disease, proximity of relationship, and total
number of first-degree relatives with cancer are associated with
disease perceptions.31–34 Others have found that young age and
parenthood are associated with a greater uptake of risk-reducing
breast surgery and genetic testing.35 We constructed a set of
independent variables referred to as “family history elements”
based on this literature, before undertaking any analyses. These
family history elements are listed in Table 1 and include, for
example, participant age, total number of relatives with a spe-
cific cancer (BC, OC, or CC), cancer on the maternal or paternal
side (excluding the parent), and having a mother with early
onset BC or early onset OC. Age was treated as a continuous
variable in the models and was divided by 10 to aid interpre-
tation of odds ratios (ORs). Age was dichotomized (35–40 vs.
41–65 years) as part of defining young versus old parents.

Statistical analysis
Baseline characteristics were compared across the two study

arms using a clustered logistic regression model for categorical
variables and a linear mixed effects model for continuous vari-
ables in an effort to evaluate whether the distributions were
skewed between the groups. The analysis demonstrated that
familial risk distributions between the study arms were not
significantly different for any of the three cancers.

To model the 5-level ordinal dependent variables, propor-
tional odds models for ordinal logistic regression were used.
Models were fit using PROC GENMOD in SAS 9.1 (SAS,
Cary, NC) with cumulative logit link function and multinomial
distribution. For each dependent variable, the following proce-
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Table 1 Distribution of family history elements (N � 2505)

N (%)

Participant age (yr)

40 or younger 362 (14.45)

40 and older 2143 (85.55)

Total no. relatives with BC

0 1578 (62.99)

1 658 (26.27)

2 210 (8.38)

3 42 (1.68)

4 13 (0.52)

5 3 (0.12)

7 1 (0.04)

Total no. relatives with OC

0 2213 (88.34)

1 261 (10.42)

2 26 (1.04)

3 4 (0.16)

4 1 (0.04)

Total no. relatives with CC

0 1844 (73.61)

1 503 (20.08)

2 114 (4.55)

3 32 (1.28)

4 5 (0.20)

5 2 (0.08)

6 3 (0.12)

8 2 (0.08)

Total no. relatives with any cancer

0 1074 (42.87)

1 810 (32.34)

2 410 (16.37)

3 135 (5.39)

4 49 (1.96)

5 16 (0.64)

6 5 (0.20)

7 4 (0.16)

9 2 (0.08)

No. first-degree relatives with BC

0 2118 (84.55)

1 359 (14.33)

2 26 (1.04)

N (%)

3 1 (0.04)

4 1 (0.04)

No. first-degree relatives with OC

0 2399 (95.77)

1 103 (4.11)

2 2 (0.08)

3 1 (0.04)

No. first-degree relatives with CC

0 2230 (89.02)

1 253 (10.10)

2 20 (0.80)

3 1 (0.04)

5 1 (0.04)

No. first-degree relatives with any cancer

0 1811 (72.30)

1 604 (24.11)

2 81 (3.23)

3 6 (0.24)

4 2 (0.08)

6 1 (0.04)

No. siblings with any cancer

0 2323 (92.73)

1 169 (6.75)

2 11 (0.44)

3 1 (0.04)

5 1 (0.04)

No. parents with any cancer

0 1934 (77.21)

1 550 (21.96)

2 21 (0.84)

Mother had early-onset BC or OC
(aged younger than 50 yr)

No 2429 (96.97)

Yes 76 (3.03)

Any cancer on maternal side (not counting mother)

No 1789 (71.42)

Yes 716 (28.58)

Any cancer on paternal side (not counting father)

No 1959 (78.20)

Yes 546 (21.80)

(Continued)
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dure was used: (1) performed univariate tests for each indepen-
dent variable; (2) the strongest predictor, based on �2 statistics,
is selected; (3) all other variables tested individually after ad-
justment for the first selected variable; (4) select the next
strongest predictor; (5) repeat until no additional variables are
significantly related to dependent variable (P � 0.05). These
analyses are considered exploratory, and no adjustment was
made for multiple comparisons.

RESULTS

Participant characteristics
Family Healthware was completed by 3,585 participants, of

whom 70% were female. This report focuses on the 2,505
women who completed the baseline survey and Family Health-
ware, providing family history information on 41,841 total
relatives. Participants’ demographic characteristics were age,
35–65 years; mean age, 50.6 years; 91% white; 70% college
educated; 75% married; and 50% indicated a household income
of �$75,000.

Distribution of family history elements
The distribution of the individual family history elements is

presented in Table 1. Most (85.5%) participants were aged
41–65 years. Approximately three quarters were mothers. Fifty-
seven percent had at least one relative with BC, OC, or CC.
Only rarely did participants report having three or more first-
degree relatives with BC, OC, or CC or a combination of these
cancers. Three percent reported having a mother who had early-
onset BC or OC. When excluding their parents’ cancer diag-
noses, women were significantly more likely to report having
cancer in their maternal versus paternal lineage (28.6% vs.
21.8%, P � 0.001). Covariate adjustment for total number of
relatives reported had no impact on the lineage-related associ-
ations in any of the models.

Family history elements and perceived risk of
developing BC

This section illustrates the analysis of family history ele-
ments and perceived risk for BC. Similar analyses were per-
formed for all four disease perceptions pertaining to each type

of cancer. The distributions of risk perception for BC, OC, and
CC are summarized in Table 2. We found that 18.3% of women
perceived their risk of BC as higher or much higher than
average, whereas 24.2% perceived their risk as lower or much
lower than average. Many elements of family history were
significantly related to perceived risk of BC (Table 3). The most
significant predictor by far was having any first-degree relatives
with BC (OR: 16.1; 95% confidence interval [CI]: 12.6–20.6 in
univariate testing). The variables selected for inclusion in the
final multivariable model (Table 3) were, in decreasing order of
magnitude: any first-degree relatives with BC (OR: 5.95; 95%
CI: 4.41–8.01), total number of relatives with BC (OR: 2.35;
95% CI: 2.03–2.72), mother with early onset BC or OC (OR:
2.42; 95% CI: 1.48–3.94), age per 10 years (OR: 0.80; 95% CI:
0.73–0.88), and cancer on the paternal side (OR: 0.80; 95% CI:
0.65–0.99).

Of note, increasing age and cancer on the paternal side
decreased the odds of being in a higher perceived risk category.
A shift from an OR for cancer on the paternal side of 1.29 in the
univariate analyses to 0.80 in the multivariable model indicates
the presence of confounding with other variables in the model.
Further investigation revealed an interaction between the pres-
ence of cancer on the paternal side and the total number of
relatives with BC (P � 0.002): in women with no cancer on the
paternal side, total number of relatives with BC was associated
with higher perceived risk of BC (OR: 2.78; 95% CI: 2.31–
3.35); whereas in women with cancer on the paternal side, total
number of relatives with BC was associated with lower per-
ceived risk (OR: 0.69; 95% CI: 0.55–0.88).

Family history elements and disease perceptions for
each type of cancer

Significant findings using multivariable models on associa-
tions of disease perceptions and family history elements are
summarized in Table 4.

Age
Older age, independent of other aspects of family history,

was associated with lower perceived risks for BC and OC,
lower perceived severity for all three types of cancer, higher
perceived ability to prevent CC, and decreased worry about
developing BC.

Number of relatives and affected first-degree relatives
As expected, the total number of affected relatives and the

presence of any first-degree relative with a particular cancer

Table 2 Participant’s perceived risk of BC, OC, and CC
(N � 2505)

Perceived risk BCa, n (%) OCa,b, n (%) CC, n (%)

Much lower than average 130 (5.19) 130 (5.65) 234 (9.34)

Lower than average 477 (19.05) 423 (18.38) 610 (24.35)

About the same as average 1438 (57.43) 1607 (69.81) 1367 (54.57)

Higher than average 398 (15.89) 127 (5.52) 258 (10.3)

Much higher than average 61 (2.44) 15 (0.65) 36 (1.44)
aTwo participants were excluded because they reported the incorrect gender on the
pretest.
bTwo hundred two participants were excluded because they reported that their
ovaries were removed.
BC, breast cancer; CC, colon cancer; OC, ovarian cancer.

Table 1 (Continued)

N (%)

Participant is a parent

No 590 (23.55)

Yes and age 40 yr or younger 260 (10.38)

Yes and age 40 or older 1655 (66.07)

No. children

0 590 (23.55)

1 371 (14.81)

2 982 (39.20)

3 428 (17.09)

4 103 (4.11)

5–9 31 (1.24)

BC, breast cancer; CC, colon cancer; OC, ovarian cancer.
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were significantly and independently associated with higher
perceived risk for each of the three types of cancer. The three
highest ORs found in this study pertained to having any
first-degree relative with BC, OC, or CC and perceived risk
for those specific cancers, signifying clinical relevance. Fre-
quency of worrying about getting each type of cancer fol-
lowed the same pattern as perceived risk, except that total
number of relatives with OC was not significant. Total num-
ber of relatives with CC was associated with greater per-
ceived control over preventing CC.

We also observed cross-correlations between different can-
cers—“spillover” effects—from a family history of a particular
cancer to perceptions about another cancer. For example, the
total number of relatives with BC was associated with a higher
perceived risk of OC and decreased perceived ability to prevent
OC. On the other hand, having a first-degree relative with BC
was associated with lower worry about OC or CC. Having a
first-degree relative with CC was associated with a higher
perceived risk of OC. In contrast, the total number of relatives
with OC was associated with lower perceived risk of CC.

As we had hypothesized based on the literature, having a
mother with early-onset BC or OC was strongly associated
with women’s perceived risk of BC, independent of other
family history characteristics. Having a mother with early
BC or OC was also associated with decreased perceived
severity of CC. When controlling for early-onset BC or OC
in the mother, participant age and other aspects of family

history, having a parent with cancer decreased the perceived
severity of BC.

Parity
Older women with children compared with childless women

reported more frequent worry about getting BC and CC, and
younger women with children had decreased perceived ability
to prevent BC. Total number of children was associated with
lower perceived risk of OC.

DISCUSSION

Strengths and limitations
The prevalence of a family history of BC, CC, or OC in

our cohort (57%) is similar to the prevalence of a family
history of cancer (61% among female respondents) found in
the large Prostate, Lung, Colorectal, and Ovarian screening
trial.36 The FHITr study, with detailed family history from
2,505 women, comprises the largest reported data set in
which to evaluate the specific components of family history,
which are associated with disease perceptions. On the other
hand, the sample primarily represents well-educated, well-
to-do Midwestern women. Associations between risk percep-
tion and socioeconomic status have been inconsistent37;
nonetheless, caution must be exercised in generalizing these
results to other populations.

Table 3 Perceived risk of BC multivariable model

Univariate tests Final multivariable model

Odds ratio 95% CI P Odds ratio 95% CI P

Age, per 10 yr 0.91 (0.83–1.00) 0.046 0.80 (0.73–0.88) �0.001

Total no. relatives with BC 3.45 (3.07–3.88) �0.001 2.35 (2.03–2.72) �0.001

Total no. relatives with OC 1.18 (0.96–1.44) 0.113

Total no. relatives with CC 1.02 (0.92–1.14) 0.677

Total no. relatives with any cancer 1.72 (1.60–1.85) �0.001

Any first-degree relatives with BC 16.14 (12.63–20.63) �0.001 5.95 (4.42–8.02) �0.001

Any first-degree relatives with OC 1.08 (0.74–1.58) 0.681

Any first-degree relatives with CC 1.04 (0.81–1.32) 0.779

Total no. first-degree relatives with any cancer 3.27 (2.81–3.81) �0.001

Any siblings with cancer 2.96 (2.18–4.00) �0.001

Parents with cancer 4.33 (3.55–5.27) �0.001

Mother with early onset BC or OC 11.91 (7.58–18.72) �0.001 2.42 (1.48–3.94) �0.001

Cancer on maternal side 2.16 (1.82–2.57) �0.001

Cancer on paternal side 1.29 (1.08–1.56) 0.006 0.80 (0.65–0.99) 0.038

Parent?

Yes, and age �40 yr 1.06 (0.80–1.40) 0.355

Yes, and age �40 yr 0.91 (0.76–1.09)

No, not a parent 1.00 Reference

Total no. children 0.97 (0.91–1.03) 0.369

BC, breast cancer; CC, colon cancer; OC, ovarian cancer.
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This was an exploratory analysis using multiple comparisons.
Replication studies would be valuable as some of the observed
associations could reflect false-positive/type I errors. We chose to
report multivariate analyses, showing independent contributions of
each variable in the model, thus potentially underestimating the
effects of family history configurations that are less prevalent. The
disease perception outcomes were quantitative data, obtained from
single questionnaire items to minimize respondents’ burden. Thus,
potentially key explanatory variables related to individual interpre-
tations of family history were not measured.

Effects of parental lineage on reporting and risk
perception

Our findings indicate that knowledge of family history and
risk perception each differ according to parental lineage. These
findings have important implications about the analytic validity
of family history and could influence the uptake of both family
history-based referral and health recommendations.

The epidemiologic risk of BC associated with having af-
fected second-degree relatives—those captured in this analy-
sis—is similar for each lineage.38 Thus, known genetic factors
do not explain these findings of differential family history
reporting. Differential reporting of BC family history, with
same directionality that we observed, has been seen in women’s
health clinic39 and high-risk settings.34,40 To our knowledge,
this is the first study performed in a primary care setting, which
reveals marked differences in family history reporting accord-
ing to parental lineage, and is also the largest study highlighting
this phenomenon.

Although the FHITr study did not assess the accuracy of
family history self-reporting, published studies generally show
high sensitivity and good specificity compared with “gold stan-
dards” (e.g., review of relatives’ medical records or death cer-
tificates and interviews with relatives’ physicians).41 However,
such studies are prone to partial verification bias for several
reasons such as limited verification of unaffected relatives’
health status, exclusion of relatives with “don’t know” status, or
noninvestigation of deceased relatives.41

Our findings suggest that paternal family history is underre-
ported (not that maternal family history is overreported). In fact,
women reported an average of 0.39 “don’t know” responses (of
three maximum: BC, OC, and CC) per maternal relative and an
average of 1.05 “don’t know” responses per paternal relative
(P � 0.001). Interestingly, the FHITr study found that men
responded “don’t know” on family history questioning more
often than women (P � 0.001).10 Possibly, women’s limitations
on reporting paternal family history stem from a reliance on
their father as a source of information. Less than ideal sensitiv-
ity in reported paternal family history could result in reduced
accuracy of familial risk assessment and lost opportunities for
cancer prevention strategies.

In addition to lineage-based reporting differences, we found
a lower perceived risk for BC for a paternal versus maternal
family history of cancer. Various lines of evidence suggest that
there exists a prevalent belief that the risk of BC and OC is a
maternally inherited trait. A significant proportion of individu-
als endorse the statement that “a daughter inherits more of her
genes from her mother than her father,”42 reflecting a limited
understanding of Mendelian inheritance on the part of the lay
public. Furthermore, a study of women in a familial OC registry
found that few realized the risk could pass through fathers.43

In the high-risk setting, completion of genetic testing among
families with BRCA1/2 mutations is significantly lower in the
paternal lineage.44 Although many gender differences likely

contribute, this suggests that the significance of paternal inher-
itance of BC and OC risk is unclear to patients, even when
autosomal dominant inheritance is evident from the genotype.
This is borne out by knowledge assessment of index cases who
have undergone genetic counseling and testing for BRCA1/2,
showing that the risk of transmission by men and women and
the parental origin of a positive result are poorly understood
concepts.45 More than half of health professionals are unaware
of the importance of paternal family history of BC and OC,46,47

and physicians’ limited understanding might account for some
of the relatively stronger effects that maternal lineage has on
risk perception.40,48,49

Participant age and disease perceptions
Participant age was the characteristic most frequently found

to have significant associations with disease perceptions. Al-
though increasing age is the single most important risk factor
for BC, OC, and many other cancers of adulthood,50 female
FHITr participants’ perceived risk of BC and OC ran counter to
their age-related empiric risks. Increasing age was associated
with lower worry for BC, lower perceived severity for all three
cancers, and higher perceived control for CC.

Patients may recognize that as they age, their remaining
lifetime risk diminishes; however, respondents were asked to
rate their risks in comparison with most people of their age and
sex. Perhaps older, unaffected women gauge their perceived
risks in comparison with women they have known who were
diagnosed with BC or OC and may feel that because they are
cancer free, their own risk is lower. We must cautiously inter-
pret our findings in terms of reflecting an effect of aging and
instead may be observing a birth cohort effect. We note that
other studies have also found that age is poorly recognized by
older women as a cancer risk factor.51–54

Findings of agreement between medical and lay
interpretations of family history

As expected, we found that having a family history of a
particular cancer—both the total number of affected relatives
and having any affected first-degree relative—is associated with
a higher perceived risk of that cancer. This effect was particu-
larly strong for having any affected first-degree relatives. The
lack of significance found between disease-specific risk percep-
tion and either the total number of relatives with any cancer or
the total number of first-degree relatives with any cancer further
suggests that risk perceptions are generally cancer specific.

Our findings for BC and CC mirror those reported in the
literature, where perceived risk is generally congruent with
having a family history of that specific disease.55,56 BC has been
the most widely studied cancer; several57–59 but not all53,60,61

studies have shown a relationship between a positive BC family
history and higher perceived risk of BC. One study found that
only 20% of individuals who had a sibling with CC cited
heredity as a risk factor.62 Our findings parallel those reported
in a large cross-sectional study of middle-aged adults registered
with general practitioners in the United Kingdom, which found
increasing levels of CC risk perception for having none, one,
and two or more first-degree relatives with CC.37 Among the
few studies examining family history elements and perceived
risk, some found associations with total number of relatives
with BC and perceived risk31–33 as we did, whereas others did
not.53 Use of the model by Gail et al.,63 which limits BC family
history collection to first-degree relatives and does not consider
age of onset, imposes methodological limitations for many
studies. One study using the model by Gail et al. found that
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perceived risk did not correlate with family history.61 This
seems surprising in light of our finding that having any first-
degree relatives with BC was the factor most strongly associ-
ated with BC risk perception.

In general, the literature has not addressed the relationship
between risk perception and age of relatives’ cancer diagnosis.
One study did not find this association for BC.53 Our finding of
increased perceived risk for women whose mother had early-
onset BC or OC could indicate an awareness that early-onset
cancer is a stronger risk factor. Alternatively, this finding may
reflect participants’ own young ages when their mother was
affected: women who experience a mother’s BC illness during
their own childhood and puberty have been reported to have a
higher perceived risk of BC.64

Most studies on OC family history and disease perceptions
focus on high-risk families. One study of a racially diverse,
population-based sample of BC and OC survivors and their
unaffected female relatives found that perceived risk for OC
was associated with a family history of OC and was greater than
perceived risk of BC.33 Female FHITr participants’ perceived
risk of BC and OC did not differ, but worry was greater for BC

than OC whereas perceived severity was greater for OC than
BC.28 The risk conveyed by having a family history of OC
seems to be understood by women who have had BRCA1 and
BRCA2 genetic testing in an academic setting based on the
greater uptake of prophylactic oophorectomy in those with a
family history of OC,65 but the awareness in the general popu-
lation has been unclear. The inverse relationship seen between
the total number of children and perceived risk of OC correlates
well with the known protective effect of parity on OC risk and
the additional protective effect of increasing parity.66

Although we found agreement between medical and lay
interpretations of family history, this does not necessarily mean
that individuals’ risk perceptions are based on beliefs about
genes. Rather, having relatives affected by a certain cancer may
provide individuals with an experience of cancer illness, which
then leads to a personal sense of vulnerability.37

Perceptions less congruent with medical
interpretations of family history

On the other hand, medical assessments of familial risk are
not always congruent with patients’ perceptions. A previous

Table 4 Summary of disease perception multivariable models

Perceived risk, OR (95% confidence interval), P Perceived severity, OR (95% confidence interval), P

BC OC CC BC OC CC

Participant age 0.80 (0.73–0.88),
�0.001

0.78 (0.70–0.88),
�0.001

0.73 (0.65–0.82),
�0.001

0.78 (0.68–0.89),
�0.001

0.81 (0.72–0.91),
�0.001

Total no. relatives with BC 2.35 (2.03–2.72),
�0.001

1.25 (1.11–1.40),
�0.001

Any first-degree relative
with BC

5.95 (4.41–8.01),
�0.001

Mother had early-onset BC
or OC

2.42 (1.48–3.94),
�0.001

0.55 (0.33–0.89),
0.019

Total no. relatives with OC 1.44 (1.07–1.95),
0.017

0.77 (0.63–0.94),
0.011

Any first-degree relative
with OC

7.69 (4.21–14.02),
�0.001

Total no. relatives with CC 1.78 (1.55–2.05),
�0.001

Any first-degree relative
with CC

1.41 (1.05–1.89),
0.023

5.01 (3.66–6.87),
�0.001

Total no. relatives with any
cancer

Either parent had cancer 0.80 (0.65–0.99),
0.038

Participant is a parent

Total no. children 0.89 (0.83–0.96),
0.003

Paternal side cancer
(excluding father)

0.80 (0.65–0.99),
0.037

1.36 (1.07–1.74),
0.011

Each column represents a single multivariable model with the independent variable listed at the top and the dependent variables listed down the left side. Significant odds
ratios (OR) and 95% confidence interval and P for multivariate testing are provided. Blank cells are nonsignificant. Independent variables that had no significant
associations are not included (total no. first-degree relatives with any cancer; any siblings with cancer; and maternal side cancer �excluding mother�).
aParent and age �40 yr: OR, 0.66 (0.50–0.86); Parent and age �40 yr: OR, 0.88 (0.74–1.04), overall P � 0.047.
bParent and age �40 yr: OR, 0.87 (0.64–1.18); Parent and age �40 yr: OR, 1.20 (1.00–1.43), overall P � 0.036.
cParent and age �40 yr: OR, 0.80 (0.57–1.13); Parent and age �40 yr: OR, 1.33 (1.08–1.64), overall P � 0.001.
BC, breast cancer; CC, colon cancer; OC, ovarian cancer.
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analysis found that many FHITr participants at strong or mod-
erate familial risk did not perceive themselves to be at increased
risk for BC (48%), CC (54%), or OC (70%).21 Although famil-
ial risk was not found to be related to perceived control for any
of the six diseases,21 this study uncovered further associations
for perceived control and severity. We suspect that “optimistic
bias”22,23 and various of these associations may reflect unmea-
sured variables related to women’s interpretation of their family
cancer history—such as personal experiences of a relative’s
illness or its outcome or beliefs about causation and prevent-
ability of these cancers.3,4

Indeed, our findings may shed light on elements that contrib-
ute to a “personal sense of vulnerability” in a theoretical frame-
work proposed following a systematic review and synthesis of
qualitative studies of family history.2 This study found evidence
of key constructs such as experience of a relative’s illness,
personalization of risk (including resemblance to relatives or
whether the relative was of the same sex), and control of
familial risk and then formulated and tested a model of familial
risk perception3,4 drawing from Common Sense Model of Self–
Regulation by Leventhal et al.14 We found several parallels,

such as having an affected parent (lower perceived severity for
BC), being a parent (higher BC and CC worry and lower
perceived control of BC), lineage-specific effects (greater per-
ceived severity of CC with cancer on the paternal side), and
experience of a relative’s illness (higher perceived control for
CC and total number of relatives with CC). Comparative disease
ratings may underlie some associations—when one type of
cancer has a dramatic impact on a family, possibly other cancers
may be perceived as less serious than the one that was actually
experienced (e.g., lower perceived severity for CC with early-
onset BC or OC in the mother).

“Spillover” effects
Spillover effects—perceptions of one cancer associated with

family history of another—were seen between family history
elements for BC and CC and a higher perceived risk of OC. In
contrast, the total number of relatives with OC was associated
with a lower perceived risk of CC. To our knowledge, this is the
first report showing a relationship between family history of a
specific cancer and either a higher perceived risk of a different
cancer or a perceived protective effect.

Table 4. Summary of disease perception multivariable models

Perceived control, OR (95% confidence interval), P Worry, OR (95% confidence interval), P

BC OC CC BC OC CC

1.23 (1.12–1.34),
�0.001

0.79 (0.71–0.88),
�0.001

0.87 (0.79–0.96),
0.006

1.32 (1.18–1.48),
�0.001

1.76 (1.37–2.25),
�0.001

0.66 (0.50–0.87),
0.003

0.74 (0.58–0.95),
0.015

2.43 (1.60–3.68),
�0.001

1.12 (1.01–1.23),
0.031

1.36 (1.19–1.55),
�0.001

2.16 (1.61–2.90),
�0.001

1.12 (1.03–1.22),
0.007

0.66a 1.20b 1.33c
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Possibly, patients understand that in general, having a
family history of one type of cancer raises the risk of a
variety of other types of cancers67,68; however, this would not
explain why we found specific associations but not others.
Patients may associate abdominopelvic cancers with each
other based on anatomic location, without fully appreciating
the distinct causative factors of CC and OC. They may relate
“hormonally driven” or “female” cancers (BC and OC) to
each other. The news media or advertising campaigns69 may
have conveyed information to participants about the connec-
tion between BC and OC via BRCA1 and BRCA2 mutations.
We only detected this relationship in one direction (having a
family history of OC was not found to be associated with a
higher perceived risk of BC) but note that most such cam-
paigns emphasize BC and not OC.

Implications for risk communication
Understanding the individual components that contribute

to patients’ disease perceptions has important implications
for risk communication through automated family history
tools, by health care providers, and via public health cam-
paigns. The technological implications are nontrivial: Family
Healthware was programmed not only to provide tailored
messages5,70 but also to delineate which specific family his-
tory elements contributed to the risk level (e.g., the affected
relatives and age of disease onset). Provision of this degree
of detail back to the user required complex mapping of input
data to messaging output, which contributed to a strain on
computing resources. Whether this degree of individualiza-
tion is useful in risk communication, in terms of aligning
objective and perceived risk or fostering participation in
screening programs, remains unclear.5

Finding that disease risk perceptions may not be congruent
with objective risk estimates raises the specter of providing
health advice that runs counter to or ignores the patient’s
perceptions and their personal sense of vulnerability. Some
have suggested that public health should place a stronger
emphasis on patient-centered approaches aimed at helping
patients achieve informed choices instead of promoting in
general the positive value of screening, preventive surgery,
or genetic testing.70,71 The integration of patient- and pro-
vider-centered approaches (including provider competencies)
has been advocated by the American Society of Preventive
Oncology’s Behavioral Oncology and Cancer Communica-
tion special interest group as a key research focus72 and is
supported by our work.

The perception of risk is a core element—whether explicit or
implicit—of nearly all theories of preventive behavior.73,74 This
work identifies key areas for consideration in ongoing research
in message design and tailored feedback used to encourage
healthy behaviors. For example, female primary care patients
seem to have a limited understanding of the relevance of their
age or paternal family history for cancer susceptibility. This
creates an opportunity for a public health education approach,
which could influence the uptake of family history-based refer-
ral and lead to greater adherence to screening recommendations.
The efficacy of tailored risk communication for influencing risk
perception and screening adherence is largely unmapped terri-
tory and is ripe for research on family history elements. Putative
barriers to screening, such as optimistic bias and perceptions
about family history that are incongruent with medical interpre-
tations, present unique opportunities to better understand pa-
tients’ formulation of risk and ultimately to influence health
behaviors. In future research, measurement of additional vari-
ables related to the personal meaning of family history and the

use of qualitative methods, in the context of a theoretical frame-
work, are needed to better understand patients’ formulations of
disease perceptions. Comparative disease ratings and spillover
effects revealed in the FHITr study may become increasingly
germane to the field of genomics, where simultaneous assess-
ment of innumerable disease risks will become increasingly
commonplace. Understanding the effects that one’s family his-
tory has on multiple disease risks will be important for public
health initiatives that seek to inform risk appraisal, to influence
disease perceptions, or to match preventive interventions to
existing perceptions of risk.
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