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Abstract Family health history (FHH) in the context of risk
assessment has been shown to positively impact risk percep-
tion and behavior change. The added value of genetic risk
testing is less certain. The aim of this study was to determine
the impact of Type 2 Diabetes (T2D) FHH and genetic risk
counseling on behavior and its cognitive precursors. Subjects
were non-diabetic patients randomized to counseling that in-
cluded FHH +/− T2D genetic testing. Measurements included
weight, BMI, fasting glucose at baseline and 12 months and
behavioral and cognitive precursor (T2D risk perception and
control over disease development) surveys at baseline, 3, and
12 months. 391 subjects enrolled of which 312 completed the
study. Behavioral and clinical outcomes did not differ across
FHH or genetic risk but cognitive precursors did. Higher FHH
risk was associated with a stronger perceived T2D risk
(pKendall < 0.001) and with a perception of Bserious^ risk
(pKendall < 0.001). Genetic risk did not influence risk percep-
tion, but was correlated with an increase in perception of
Bserious^ risk for moderate (pKendall = 0.04) and average FHH
risk subjects (pKendall = 0.01), though not for the high FHH risk

group. Perceived control over T2D risk was high and not
affected by FHH or genetic risk. FHH appears to have a
strong impact on cognitive precursors of behavior change,
suggesting it could be leveraged to enhance risk counseling,
particularly when lifestyle change is desirable. Genetic risk
was able to alter perceptions about the seriousness of T2D risk
in those with moderate and average FHH risk, suggesting that
FHH could be used to selectively identify individuals who may
benefit from genetic risk testing.
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Introduction

Risk assessment and counseling impact risk perception and
behavior change, particularly if risk assessment is tailored to
the individual. (Claassen et al. 2010; Diabetes Prevention
Program Research et al. 2009; Edwards et al. 2000;
Heideman et al. 2011; Knowler et al. 2002; Kreuter and
Strecher 1996; Tuomilehto et al. 2001) In recent years there
has been a growing interest in adding genetic testing to the risk
assessment toolkit, but it is unclear whether such testing will
have an impact on behavior change (Marteau et al. 2010). Two
recent trials comparing type 2 diabetes (T2D) behavioral out-
comes based on results of genetic risk testing showed no in-
crease in weight loss or motivation to change behavior (Grant
et al. 2013; Voils et al. 2015). In contrast, family health history
(FHH), a well-established component of health risk assess-
ments, is both highly predictive and efficacious in promoting
risk-lowering behaviors. For example, the presence of a first
degree relative (parent or child) with T2D increases an indi-
vidual’s risk from an average of 3.2 % to 14.3 % in some
populations and counselling on FHH risk increases the
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likelihood of initiating health behaviors aimed at T2D preven-
tion. (Annis et al. 2005; Hariri et al. 2006; Pijl et al. 2009).

Given the lack of impact of genetic testing on behavior
change, it is useful to consider the cognitive constructs under-
lying these null results so that genetic risk assessment inter-
ventions may be tailored to increase potential impact. Two of
these constructs are the perception of disease risk and of con-
trol over disease risk.

There are numerous models supporting the importance of
personal risk perception on behavior change (e.g. Health
Belief Model, Precaution Adoption Model) and research
clearly demonstrates this relationship. (Brewer et al. 2007;
Floyd et al. 2000; McVay et al. 2015) In the case of FHH,
studies show that those with stronger FHHs for a given disease
have increased perception of disease risk (Avis et al. 1989;
Hariri et al. 2006). So far the only study to evaluate the impact
of genetic risk on risk perception for T2D to date, found no
difference (Grant et al. 2013).

Given the non-modifiable nature of FHH and genetic risk,
the perception of personal control over disease risk could play
an important role in limiting behavior change. It has been
argued that those with stronger FHH or genetic risk would
feel less able to control their risk of T2D development and
therefore would be less likely to attempt behavior change.
This may also vary by individuals and be further affected by
culture and education level among other factors. There is con-
flicting evidence around this theory (Marteau and Weinman
2006; Pijl et al. 2009) and little is known about what risk
assessment and counseling in combination with education
about lifestyle modification may have.

In this paper we report a secondary analysis of the BEffect of
T2D genetic risk information on health behaviors and outcomes^
trial (Cho et al. 2012), evaluating the impact of FHH and genetic
risk on behavior change, perception of T2D risk, and perception
of personal control over development of T2D. We also examine
how FHH risk and genetic risk may interact to influence
cognitive constructs underlying behavior change.

Materials and Methods

In the parent study, interested primary care patients were ran-
domized to one of two groups: 1) control group who received
standard T2D risk assessment (SRA) during a risk counseling
session and 2) intervention group who received the standard
T2D risk assessment that incorporated genetic risk results
(SRA + G) during a risk counseling session. Both arms
underwent risk counseling with a provider who was already
part of the clinic staff. There was a third arm which included a
small number of subjects who were interested in participating
in the study but did not wish to undergo genetic testing. These
subjects were excluded from this analysis since they were
deemed unlikely to respond to genetic risk information in

the same way as subjects willing to undergo genetic testing
and constituted a very small part of the overall sample (n = 18)
(Fig. 1). The study was approved by the Duke University
Health System Institutional Review Board and registered in
ClinicalTrials.gov (NCT00849563).

Participants, Setting, and Intervention

Full details of the protocol have previously been published
(Cho et al. 2012). In brief, a convenience sample of patients
awaiting fasting blood work was recruited from two primary
care clinics in an academic healthcare system in North
Carolina. Inclusion criteria included 1) age 18–81 years, 2)
no self-reported history of diabetes, 3) no prior genetic testing
for diabetes, and 4) not pregnant. Exclusion criteria included:
1) current or prior use of diabetic medications, 2) fasting blood
glucose (FBG) level ≥ 7 mmol/L (≥126 mg/dL) at enrollment,
3) non-fasting and unwilling to return for fasting bloodwork,
and 4) unable to provide informed consent.

Consented participants completed baseline surveys, were
weighed and measured, and had fasting blood work done.
After 4–6 weeks, participants underwent a risk counseling
session with a trained advanced practice provider where tra-
ditional risk factors were reviewed (BMI, FBG, race, ethnic-
ity, FHH.) The intervention group also received their T2D
genetic risk results during risk counseling. Risk counselling
highlighted the modifiable nature of some risk factors and
while allele results were explained as a non-modifiable com-
ponent of risk, they were emphasized as not being absolute
determinants of disease development. At 3 months, partici-
pants completed online psychosocial surveys. At 12 months,
participants repeated clinical measurements and the same
surveys.

Measures and Outcomes

DNA testing was conducted with a CLIA-approved
commercially available platform (deCode genetics,
Chicago, IL.) for four single nucleotide polymorphisms
(SNPs) at the TCF7L2 (rs7903146) (OR 1.30–1.97, p-val-
ue < 0.001 for impaired glucose tolerance), CDKN2A/2B
(rs10811661 ) (OR 1.2–1.49, p-value < 0.001), CDKAL1
(rs7756992) (OR 1.12, p-value = 0.007) and PPARG
(rs1801282) (OR 1.14–1.25, p-value 0.002) genes (de
Miguel-Yanes et al. 2011; Diabetes Genetics Initiative of
Broad Institute of H, Mit, LU, et al. 2007; Scott et al. 2007;
Tong et al. 2009). These were selected due to their established
validity at the time of study initiation. Genetic test results were
presented as the number of high risk alleles out of the 8 total
alleles (2 per gene). Genetic risk was also categorized as av-
erage (0 alleles) or moderate (≥ 1 allele). Given that all sub-
jects were found to have at least one allele and were therefore
in the moderate risk category, we did our analysis using
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number of high risk alleles the subject had and not their ge-
netic risk category. FHH risk was categorized as average,
moderate, and high using the FHH risk model developed by
Hariri and colleagues. (Table 1) (Hariri et al. 2006).

Psychosocial process measures of disease risk perception
and perception of control over disease risk were assessed
through surveys at baseline, 3 months, and 12 months
(Table 2). Risk perception questions were designed specifical-
ly for this study based on the Common Sense Model princi-
ples (Leventhal et al. 1992; Marteau and Weinman 2006).
Perceived control of T2D risk was measured using the person-
al control subscale of the Illness Perception Questionnaire
(IPQ) (adapted for control over disease development)
(Weinman et al. 1996). Scores were based on 1–5 scale re-
sponses to six questions.

In this analysis, the primary outcome is the impact of FHH
risk level (for all participants) and genetic risk level (for inter-
vention participants) on change in weight, BMI, FBG, and

physical activity level. Secondary outcomes include impact
on the perception of 1) T2D risk, 2) personal control over
T2D risk, and 3) seriousness of T2D risk. Analysis is restricted
to those who have completed all stages of the study (n = 312).

Data Analysis

To ensure randomization occurred as expected, we analyzed
the relationship between FHH risk category and study arm
using Pearson’s chi-square test, where a significant result in-
dicates that two variables are not independent, and i.e. some
relationship exists between them. The relationship between
the number of risk alleles and 1) study arm and 2) FHH risk
category was assessed using analysis of variance (ANOVA) F-
test where a statistically significant result indicates that there is
at least one pair of levels in the categorical variable which
have significantly different effects on the numeric variable.
To interrogate follow-up patterns in the survey responses at

Fig. 1 CONSORT flow diagram
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each time point, Pearson’s chi-square was used to test relation-
ship between participant follow-up and clinic site, gender,
ethnicity, race, number of risk alleles, and FHH risk category.
An ANOVA F-test was used to examine differences in partic-
ipant follow-up by age and BMI.

The relationship between FHH risk category and primary
outcome variables (BMI, weight, physical activity) was deter-
mined using an ANOVA F-test. To analyze the relationship
between number of risk alleles and the primary outcomes, we
used a linear regression model to determine if a statistically
significant linear relationship exists between the variables.

To analyze the relationships of both FHH risk category and
risk allele results with 1) perception of risk and 2) change in that
risk over time, we used the Kendall’s Tau rank correlation
coefficient where a significant result indicates that a non-
parametric directional relationship exists between the two

variables. We used an ANOVA F-test to analyze the relation-
ship between FHH risk category and 1) IPQ score and 2) IPQ
score change over time. To analyze the relationship between
number of risk alleles and IPQ score, we used a linear regres-
sion model.

Results

Demographics

A total of 391 patients enrolled in the study (intervention
N = 198, control N = 193). Demographics are provided in
Table 3. There was no significant difference in FHH risk cat-
egory distribution between arms (pChisq = 0.25). The mean
number of risk alleles was 5 (SD 1.23, range 2–7) in the
intervention arm and 4.8 (SD 1.3, range 1–8) in the control
arm. For the total enrolled sample, FHH risk category and
number of risk alleles did not show significant correlation.
However when looking only at those who completed the en-
tire study, a mostly white population (64 %), FHH risk cate-
gory did correlate with number of risk alleles (average FHH
group had mean of 4.76 alleles; moderate FHH had 4.79 al-
leles; high FHH had 5.18 alleles, pANOVA = 0.018.)

Follow-up Data Analysis

At 3 months, 86 % (N = 170/198) of intervention subjects and
88 % (N = 169/193) of controls completed requested surveys.
At 12 months, 81 % (N = 160/198) of intervention subjects
and 82% (N = 159/193) of controls had completed the follow-
up visit and surveys. Survey data at follow-up did not vary
based on gender, study arm, FHH risk category, and number
of risk alleles. Missing data for the 3 month follow-up varied
by age, race, BMI and clinic location at follow-up. Subjects
were less likely to have completed follow-up survey data if

Table 2 Psychosocial survey
questions Risk perception

• My risk for diabetes is serious: Answer choices: Strongly disagree; disagree; not
sure/don’t know; agree; strongly agree

• What do you think is your chance of getting
diabetes in your lifetime?

Answer choices: Scale of 1–5 (never will get
diabetes to definitely will get diabetes)

Personal Control Illness Perception Questionnaire

• There is a lot that I can do to control my risk for
diabetes.

• What I do can determine whether or not I get diabetes.

• Whether or not I get diabetes depends on me.

• Nothing I can do will affect my risk for diabetes.*

• I have the power to influence my risk for diabetes.

• Nothing I can do will change my risk for diabetes.*

Answer choices for all questions: Strongly disagree
– Disagree—Neither agree nor disagree—
Agree—Strongly Agree (Scale of 1-5)

* Scores reversed when calculating score out of 30

Table 1 Family health history risk categories

Risk category Criteria

High risk At least one of the following:
• Two first degree relatives with diabetes from the same

lineage
• One first and two second degree relatives with diabetes

from the same lineage
• Three second degree relatives with diabetes from the

same lineage

Moderate risk Only:
• One first and one second degree relative with diabetes

from the same lineage
• One first degree relative with diabetes
• Mother and father with diabetes
• Two second degree relatives with diabetes from the

same lineage

Average risk Only:
• One second degree relative with diabetes from one or

both sides of the family
• No family history of diabetes
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they had higher BMI (34.9 vs. 30.1, pANOVA < 0.001), were of
younger age (42.4 vs. 51.2, pANOVA < 0.001), were black
(25.2 % vs. 8.7 % of whites, pChisq < 0.001), and were seen
at the clinic with a lower SES patient population (20.0 %
missing vs. 7.6 % missing, pChisq < 0.001). These differences
persisted at 12 months (BMI 34.6 vs 29.9; age 41.7 years vs
51.9 years; blacks 33.3 % vs. whites 11.2 %; 27.2 % of lower
SES clinic vs 10.9 % higher SES clinic, p < 0.001 for all
variables.)

Health Behavior

For the overall study population, there were no significant
changes in the primary outcomes (BMI, weight, level of phys-
ical activity, FBG) from baseline to post-counseling time point
of 12 months. In addition, neither FHH nor genetic risk levels
affected changes in weight, BMI, FBG or level of physical
activity from baseline to post-counseling.

Risk Perception

My Risk for Diabetes is Serious

Over half the participants (53.2 %, N = 165/310) agreed or
strongly agreed that their risk of diabetes was serious at base-
line. This perception persisted over the course of the study
with 64.9 % (N = 202/311) agreeing at 12 month follow-up.
This perception correlated with FHH risk across time points
(all pKendall’s < 0.001) and did not change significantly from
baseline to post-risk counseling session at 3 months and

12months based on FHH risk.Within the SRA +G arm, those
with more risk alleles were more likely to have a positive
change in their response from baseline to 3 months
(pKendall’s < 0.001) and to 12 months (pKendall’s = 0.03).
However, this relationship between number of risk alleles
and change in risk perception was strongest in SRA + G par-
ticipants with average FHHwith a positive change at 3months
(pKendall’s = 0.01) and 12 months (pKendall’s = 0.04). For those
with moderate FHH risk, the number of risk alleles was asso-
ciated with a positive change at 3 months (pKendall’s = 0.04) but
not at 12 months. For those with high FHH risk, risk allele
count was not associated with a statistically significant change
in perception of risk seriousness at 3 months or 12 months.
(Fig. 2).

What Is your Chance of Getting Diabetes in your
Lifetime?

Responses did not vary based on study arm (Table 4). FHH
risk level correlated with responses across time points
(pKendall’s < 0.001). Following the risk counseling session,
there was no significant change in score from baseline to
3 months or to 12 months. In regards to risk alleles, there
was no correlation between number of risk alleles and change
in score from baseline to 3 months or 12 months. This
remained true for each FHH risk group independently as well;
risk alleles had did not appear to have an impact on response
within specific FHH risk groups.

Table 3 Demographics by study arm

SRA + G (N = 198) SRA (N = 193)

Age [mean (sd)] 50.9 (12.8) 49.3 (13.6)

Male [N (%)] 62 (31.3 %) 57 (29.5 %)

BMI [mean (sd)] 30.6 (7.1) 30.9 (7.4)

FBG [mean (sd)] 94.6 (10.5) 95.3 (10.7)

Race [N (%)]

White 114 (57.6 %) 117 (60.9 %)

Black 60 (30.3 %) 51 (26.6 %)

Asian 10 (5.0 %) 9 (4.7 %)

American Indian/Alaskan 2 (1.0 %) 2 (1.0 %)

Native Hawaiian 0 2 (1.0 %)

Mixed racial 11 (5.6 %) 9 (4.7 %)

Not reported 1 (0.5 %) 2 (1.0 %)

FHH [N]

Average 78 87

Moderate 59 45

High 61 61

Genetic alleles [mean, (sd)] 5 (1.23) 4.8 (1.3)

Fig. 2 Linear regression trend lines describing the relationship between
change in perception of seriousness of risk between baseline and 3 month
responses (a) or baseline and 12 month responses (b) and the number of
high risk alleles, color code by FHH risk with Kendall Rank correlation
p-values shown
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Perception of Control

Overall at baseline there was a strong perception of personal
control over T2D risk (mean 24.08, SD 3.43) that did not vary
based on FHH risk category or number of risk alleles. Scores
also did not change significantly from baseline to 3 months or
12 months for the group overall or based on FHH or genetic
risk. We also examined for impact of perception of personal
control on primary behavioral outcomes described above.
Perception of control scores did not appear to have a signifi-
cant impact on these behaviors.

Discussion

While there was no change observed in behavior based on
receipt of FHH or genetic risk level, there are several lessons
learned through this study. Patients’ understanding of their
own risk is a key first step in the process of behavior change
(Brewer et al. 2007; Codori et al. 2001; Murabito et al. 2001).
Therefore, understanding what affects patients’ perceptions of
their risk and how to deliver that information is essential. This
study demonstrates that subjects have a strong understanding
of the role of FHH in their disease risk and perceive their risk
as more serious if they have higher FHH risk. The same was

not true for genetic risk. Being informed about personal ge-
netic risk did not strongly affect subjects’ perception of dis-
ease risk, but it did influence perception of the seriousness of
their risk. Interestingly this effect varied based on the subject’s
FHH risk. Perceptions of those with the highest FHH risk
were not affected by risk allele status. It was only among those
with average or moderate FHH risk that genetic test results
influenced their perceptions of seriousness. The fact that FHH
risk correlated with genetic allele status and that those with
high FHH already saw their risk as serious likely contributes
to this observation. Risk allele status could do little to attenu-
ate their already strong response. On average those with lower
FHH risk did not see their risk as being as serious at baseline
and thus knowledge of higher risk allele status could influence
perceptions. The observed difference in impact of risk alleles
on perception by FHH risk is worth considering when deter-
mining who to test, if genetic testing for disease risk were to
become more commonplace.

Reassuringly, subjects showed strong perceptions of con-
trol over disease risk regardless of their FHH or genetic risk
level. This also was something that was not impacted signif-
icantly by the risk counseling sessions. There appears to be a
great deal of common knowledge about the power of lifestyle
change to affect disease development allowing subjects to feel
they have control over their risk of T2D development.

Table 4 Your chance of getting
T2D in your lifetime Overall

N = 312 (%)
Average FHH
N = 137 (%)

Moderate FHH
N = 82 (%)

High FHH
N = 93 (%)

Average allele (SD)
in SRA + GT

Baseline*

1† 42 (13.46) 32 (23.36) 7 (8.54) 3 (3.23) 4.84 (1.21)

2 71 (22.76) 37 (27.01) 20 (24.39) 14 (15.05) 5.16 (1.30)

3 130 (41.67) 47 (34.31) 38 (46.34) 45 (48.39) 4.93 (1.28)

4 57 (18.27) 18 (13.14) 15 (18.29) 24 (25.81) 4.85 (1.05)

5 12 (3.85) 3 (2.19) 2 (2.44) 7 (7.53) 5.80 (0.45)

3 months‡

1 19 (6.09) 16 (11.68) 2 (2.44) 1 (1.08) 5.14 (1.07)

2 81 (25.96) 46 (33.58) 22 (26.83) 13 (13.98) 5.00 (1.33)

3 162 (51.92) 63 (45.99) 47 (57.32) 52 (55.91) 4.84 (1.16)

4 41 (13.14) 8 (5.84) 10 (12.2) 23 (24.73) 5.38 (1.28)

5 9 (2.89) 4 (2.92) 1 (1.22) 4 (4.30) 5.50 (1.29)

12 months¥

1 47 (15.00) 36 (26.28) 6 (7.32) 5 (5.44) 4.67 (1.46)

2 100 (32.00) 47 (34.31) 28 (34.15) 25 (27.17) 4.76 (1.24)

3 106 (34.00) 43 (31.39) 32 (39.02) 31 (33.70) 5.18 (1.13)

4 43 (14.00) 8 (5.84) 14 (17.07) 21 (22.83) 5.29 (1.10)

5 15 (4.80) 3 (2.19) 2 (2.44) 10 (10.87) 5.38 (1.06)

† 1 = Definitely will NOT get T2D, 5 = Definitely will get T2D

*Kendall’s Tau for FHH analysis = 0.27, p-value < 0.001; ANOVA p-value for allele analysis = 0.45
‡Kendall’s Tau for FHH analysis = 0.29, p-value < 0.001; ANOVA p-value for allele analysis = 0.39
¥ High FHH group at 12 month =92; Kendall’s Tau for FHH analysis = 0.29, p-value < 0.001; ANOVA p-value
for allele analysis = 0.16
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Lack of impact on behavior change may be attributed to
several factors. Previous studies have shown that risk counsel-
ing can impact behavior change (Claassen et al. 2010; Diabetes
Prevention Program Research et al. 2009; Edwards et al. 2000;
Heideman et al. 2011; Knowler et al. 2002; Kreuter and
Strecher 1996; Tuomilehto et al. 2001). But as with all behavior
change, frequent and repetitive interventions are more likely to
succeed (Knowler et al. 2002; Soler et al. 2010; Tuomilehto
et al. 2001). This study was designed as a one-time intervention
to evaluate the impact of adding risk allele results to standard
risk counseling. The one-time nature of the intervention may
not have been the ideal when seeking sustained behavior mod-
ification. In addition, currently known genetic variants associ-
ated with diabetes do not have a large impact on overall risk.
Subjects may have recognized the weakness of this association
during risk counselling sessions and therefore not felt signifi-
cantly motived to change behavior. With the discovery of stron-
ger genetic associations, impact of genetic testing on behavior
change may be found more promising.

Study Limitations

There are significant limitations to this study that should be
addressed. This is a secondary subgroup analysis. In addition,
there may have been unintended variability in the risk assess-
ment sessions depending on risk factor results. Since these
sessions were conducted by someone within the clinic who
by nature of the intervention could not be blinded to study arm
or subjects’ risk level, it is possible that the counselor could
have put more or less emphasis on the importance of lifestyle
change and ability to control disease progression with those at
higher FHH or genetic risk. Additionally while subjects were
counselled about their genetic risk, their understanding of that
information was not assessed. If subjects had a faulty under-
standing of the information, this could affect their psychoso-
cial responses and potentially their behavior.

In regard to measurement limitations, the risk perception
questions were designed specifically for this study and were
not from a validated survey. A strong theoretical model (i.e.
Common Sense model) (Leventhal et al. 1992) was used in
designing the questions; however, they were not validated
prior to use in the study. While the perception of control ques-
tions were from a validated survey, the IPQ (Weinman et al.
1996), the questions were modified slightly to address control
over disease development instead of disease progression,
which the IPQ was originally designed to test.

In regard to generalizability, minorities and subjects that
were younger or more obese were less likely to complete the
study. Therefore, conclusions cannot be as confidently drawn
about these populations and targeted interventions for these
groups should be considered. Interestingly FHH risk for the
initial study population did not correlate with number of risk
alleles although the largely white subset that completed the

study did show association between FHH risk and number of
risk alleles. This is not unexpected since the association of
these mutations with development of T2D has been validated
in primarily white populations (Cornelis et al. 2009; Tong
et al. 2009). Further research in other racial and ethnic popu-
lations is necessary in order to determine which genetic vari-
ants must be considered in non-white populations.

Research Recommendations and Practice Implications

Conveyance of genetic risk may augment FHH within certain
groups. As evidence for the accuracy of genetic testing in risk
prediction grows, specific thought and research efforts should
be focused upon who should get testing (those already at
highest risk or those at more moderate risk whose risk may
change as a result of testing) and how best to deliver that
information. In addition, further efforts should be made to
understand how risk assessment interventions, perhaps with
ongoing counseling and coaching, can affect behavior change
and ultimately prevent disease development.

In 2015, FHH is the still the most predictive and influential
genetic test we have available. In this study we saw that patients
have a strong inherent understanding of the importance of FHH
to their personal risk. More work needs to done to understand
how FHH risk and patients’ experience with their own family’s
disease processes can be used to activate patients for behavior
change and risk mitigation (Codori et al. 2001). Medical pro-
viders should seek to understand their patients’ family history
and take advantage of their intrinsic risk perception to guide
counseling efforts towards lifestylemodification and disease pre-
vention. This should be done through frequent and personalized
reminders of what the individual patient’s risks are and how they
can address them through specific changes to behavior.

Acknowledgments The original study was supported by a grant from
The Duke Endowment. Acknowledgement goes to all members of the
original study team including: Ley Killeya-Jones, Julianne O’Daniel,
Kensaku Kawamoto, Dana Baker, Patrick Gallagher, Susanne Haga,
Joseph Lucas, Gloria Trujillo, Michael Scott and Scott Joy. A portion of
the above data was presented at the Society of General Internal Medicine
national meeting in April 2015.

Compliance with Ethical Standards

Conflict of Interest R. Ryanne Wu, Rachel A. Myers, Elizabeth R.
Hauser, Allison Vorderstrasse, Alex Cho, Geoffrey S. Ginsburg and
Lori A. Orlando declare they have no conflicts of interest.

Human Studies and Informed Consent All procedures performed in
studies involving human participants were in accordance with the ethical
standards of the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or comparable
ethical standards. Informed consent was obtained from all individual
participants included in the study.

Animal Studies No animal studies were carried out by the authors for
this article.

Impact of Genetic Testing and Family History Based Risk Counselling for Diabetes

Author's personal copy



References

Annis, A. M., Caulder, M. S., Cook, M. L., & Duquette, D. (2005).
Family history, diabetes, and other demographic and risk factors
among participants of the National Health and nutrition examination
survey 1999-2002. Preventing Chronic Disease, 2(2), A19.

Avis, N. E., Smith, K. W., & McKinlay, J. B. (1989). Accuracy of per-
ceptions of heart attack risk: what influences perceptions and can
they be changed? American Journal of Public Health, 79(12),
1608–1612.

Brewer, N. T., Chapman, G. B., Gibbons, F. X., Gerrard, M., McCaul, K.
D., & Weinstein, N. D. (2007). Meta-analysis of the relationship
between risk perception and health behavior: the example of vacci-
nation. Health psychology: official journal of the Division of Health
Psychology. American Psychological Association, 26(2), 136–145.

Cho, A. H., Killeya-Jones, L. A., O’Daniel, J. M., Kawamoto, K.,
Gallagher, P., Haga, S., et al. (2012). Effect of genetic testing for
risk of type 2 diabetes mellitus on health behaviors and outcomes:
study rationale, development and design. BMC Health Services
Research, 12, 16.

Claassen, L., Henneman, L., Janssens, A. C., Wijdenes-Pijl, M., Qureshi,
N., Walter, F. M., et al. (2010). Using family history information to
promote healthy lifestyles and prevent diseases; a discussion of the
evidence. BMC Public Health, 10, 248.

Codori, A. M., Petersen, G. M., Miglioretti, D. L., & Boyd, P. (2001).
Health beliefs and endoscopic screening for colorectal cancer:
potential for cancer prevention. Preventive Medicine, 33(2 Pt 1),
128–136.

Cornelis, M. C., Qi, L., Zhang, C., Kraft, P., Manson, J., Cai, T., et al.
(2009). Joint effects of common genetic variants on the risk for type
2 diabetes in U.S. men and women of European ancestry. Annals of
Internal Medicine, 150(8), 541–550.

de Miguel-Yanes, J. M., Shrader, P., Pencina, M. J., Fox, C. S., Manning,
A. K., Grant, R. W., et al. (2011). Genetic risk reclassification for
type 2 diabetes by age below or above 50 years using 40 type 2
diabetes risk single nucleotide polymorphisms. Diabetes Care,
34(1), 121–125.

Diabetes Genetics Initiative of Broad Institute of H, Mit, LU, Novartis
Institutes of BioMedical R, Saxena, R., Voight, B. F., Lyssenko, V.,
Burtt, N. P., et al. (2007). Genome-wide association analysis iden-
tifies loci for type 2 diabetes and triglyceride levels. Science,
316(5829), 1331–1336.

Diabetes Prevention Program Research G, Knowler WC, Fowler SE,
Hamman RF, Christophi CA, Hoffman HJ, Brenneman AT, Brown-
Friday JO, Goldberg R, Venditti E, Nathan DM (2009). 10-year fol-
low-up of diabetes incidence and weight loss in the diabetes preven-
tion program outcomes study. Lancet, 374(9702), 1677–1686.

Edwards, A., Hood, K., Matthews, E., Russell, D., Russell, I., Barker, J.,
et al. (2000). The effectiveness of one-to-one risk communication
interventions in health care: a systematic review. Medical Decision
Making: An International Journal of the Society for Medical
Decision Making, 20(3), 290–297.

Floyd, D. L., Prentice-Dunn, S., & Rogers, R.W. (2000). Ameta-analysis
of research on protection motivation theory. Journal of Applied
Social Psychology, 30(2), 407–429.

Grant, R.W., O’Brien, K. E., Waxler, J. L., Vassy, J. L., Delahanty, L. M.,
Bissett, L. G., et al. (2013). Personalized genetic risk counseling to
motivate diabetes prevention: a randomized trial. Diabetes Care,
36(1), 13–19.

Hariri, S., Yoon, P. W., Qureshi, N., Valdez, R., Scheuner, M. T., &
Khoury, M. J. (2006). Family history of type 2 diabetes: a
population-based screening tool for prevention? Genetics in
Medicine: Official Journal of the American College of Medical
Genetics, 8(2), 102–108.

Heideman,W. H., Middelkoop, B. J., Nierkens, V., Stronks, K., Verhoeff,
A. P., van Esch, S. C., et al. (2011). Changing the odds. What do we
learn from prevention studies targeted at people with a positive
family history of type 2 diabetes? Primary Care Diabetes, 5(4),
215–221.

Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin JM,
Walker EA, Nathan DM, Diabetes Prevention Program Research G
(2002). Reduction in the incidence of type 2 diabetes with lifestyle
intervention or metformin. The New England Journal of Medicine,
346(6), 393–403.

Kreuter, M. W., & Strecher, V. J. (1996). Do tailored behavior change
messages enhance the effectiveness of health risk appraisal? Results
from a randomized trial.Health Education Research, 11(1), 97–105.

Leventhal, H., Diefenbach, M., & Leventhal, E. A. (1992). Illness cogni-
tion - using common-sense to understand treatment adherence and
affect cognition interactions. Cognitive Therapy and Research,
16(2), 143–163.

Marteau, T. M., & Weinman, J. (2006). Self-regulation and the behav-
ioural response to DNA risk information: a theoretical analysis and
framework for future research. Social Science & Medicine, 62(6),
1360–1368.

Marteau, T. M., French, D. P., Griffin, S. J., Prevost, A. T., Sutton, S.,
Watkinson, C., et al. (2010). Effects of communicating DNA-based
disease risk estimates on risk-reducing behaviours. The Cochrane
Database of Systematic Reviews, 10, CD007275.

McVay MA, Beadles C, Wu RR, Grubber JM, Coffman CJ, Yancy WS,
Jr., Reiner IL, Voils CI. (2015) Effects of genetic risk counseling for
diabetes on known predictors of health behavior: Secondary analysis
of a randomized controlled trial. Patient Education and Counseling,
98(12), 1600–1612.

Murabito, J. M., Evans, J. C., Larson, M. G., Kreger, B. E., Splansky, G.
L., Freund, K. M., et al. (2001). Family breast cancer history and
mammography: Framingham offspring study. American Journal of
Epidemiology, 154(10), 916–923.

Pijl, M., Timmermans, D. R., Claassen, L., Janssens, A. C.,
Nijpels, G., Dekker, J. M., et al. (2009). Impact of commu-
nicating familial risk of diabetes on illness perceptions and
self-reported behavioral outcomes: a randomized controlled
trial. Diabetes Care, 32(4), 597–599.

Scott, L. J., Mohlke, K. L., Bonnycastle, L. L.,Willer, C. J., Li, Y., Duren,
W. L., et al. (2007). A genome-wide association study of type 2
diabetes in Finns detects multiple susceptibility variants. Science,
316(5829), 1341–1345.

Soler, R. E., Leeks, K. D., Razi, S., Hopkins, D. P., Griffith, M., Aten, A., et
al. (2010). A systematic review of selected interventions for worksite
health promotion. The assessment of health risks with feedback.
American Journal of Preventive Medicine, 38(2 Suppl), S237–S262.

Tong, Y., Lin, Y., Zhang, Y., Yang, J., Zhang, Y., Liu, H., et al. (2009).
Association between TCF7L2 gene polymorphisms and susceptibil-
ity to type 2 diabetes mellitus: a large human genome epidemiology
(HuGE) review and meta-analysis. BMC Medical Genetics, 10, 15.

Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H, Ilanne-
Parikka P, Keinanen-Kiukaanniemi S, Laakso M, Louheranta A,
Rastas M, Salminen V, Uusitupa M, Finnish Diabetes Prevention
Study G (2001). Prevention of type 2 diabetes mellitus by changes
in lifestyle among subjects with impaired glucose tolerance. The
New England Journal of Medicine, 344(18), 1343–1350.

Voils, C. I., Coffman, C. J., Grubber, J. M., Edelman, D., Sadeghpour, A.,
Maciejewski, M. L., et al. (2015). Does type 2 diabetes genetic
testing and counseling reducemodifiable risk factors? A randomized
controlled trial of veterans. Journal of General Internal Medicine,
30(11), 1591–1598.

Weinman, J., Petrie, K. J., Moss-morris, R., & Horne, R. (1996). The
illness perception questionnaire: a new method for assessing the
cognitive representation of illness. Psychology & Health, 11(3),
431–445.

Wu et al.

Author's personal copy


