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Abstract
Background—Type 2 diabetes genetic risk testing might motivate at-risk patients to adopt
diabetes prevention behaviors. However, the influence of literacy and numeracy on patient
response to diabetes genetic risk is unknown.

Objective—The authors investigated the association of health literacy, genetic literacy, and
health numeracy with patient responses to diabetes genetic risk.

Design and Measurements—Overweight patients at high phenotypic risk for type 2 diabetes
were recruited for a clinical trial of diabetes genetic risk testing. At baseline, participants predicted
how their motivation for lifestyle modification to prevent diabetes might change in response to
hypothetical scenarios of receiving “high” and “low” genetic risk results. Responses were
analyzed according to participants’ health literacy, genetic literacy, and health numeracy.

Results—Two-thirds (67%) of participants (n = 175) reported very high motivation to prevent
diabetes. Despite high health literacy (92% at high school level), many participants had limited
health numeracy (30%) and genetic literacy (38%). Almost all (98%) reported that high-risk
genetic results would increase their motivation for lifestyle modification. In contrast, response to
low-risk genetic results varied. Higher levels of health literacy (P = 0.04), genetic literacy (P =
0.02), and health numeracy (P = 0.02) were associated with an anticipated decrease in motivation
for lifestyle modification in response to low-risk results.

Conclusions—While patients reported that high-risk genetic results would motivate them to
adopt healthy lifestyle changes, response to low-risk results varied by patient numeracy and
literacy. However, anticipated responses may not correlate with true behavior change. If future
research justifies the clinical use of genetic testing to motivate behavior change, it may be
important to assess how patient characteristics modify that motivational effect.
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Genetic testing is increasingly being used as a diagnostic and prognostic tool for medical
decision making.1 Genetic risk information might also motivate behavior change,2 including
improvement in diet and physical activity,3 smoking cessation,4,5 and acceptance of medical
treatment.6 Type 2 diabetes is an increasingly prevalent clinical problem, in part due to the
current epidemic of obesity and physical inactivity. Strong evidence from clinical trials has
shown that lifestyle modification can delay or prevent the onset of type 2 diabetes,7–9 but
adherence to such regimens outside the clinical trial setting has proven difficult.10–12 New
approaches to motivate lifestyle change interventions are needed to curb the type 2 diabetes
epidemic.

Although not yet part of clinical practice, genetic testing for diabetes risk may become one
example of the clinical implementation of “personalized medicine.” Genomewide
association studies have identified at least 40 independent single-nucleotide polymorphisms
that increase one’s risk of type 2 diabetes.13 Although the addition of genotype information
to traditional diabetes prediction models correctly reclassifies less than 10% of individuals
into risk categories, having a large number of these variants can more than double one’s risk
for type 2 diabetes.13,14 While risk factors such as obesity and family history (a measure of
disease inheritance already used in clinical practice) are much stronger predictors of
diabetes, it has been proposed that the “personalized” nature of genetic risk information may
make it more meaningful to patients than traditional risk factors.2,15

According to the health belief model,16 if genetic risk information changes one’s perceived
susceptibility to diabetes, one’s likelihood to adopt health behaviors may also change. For
individuals already known to be at high risk for diabetes based on clinical risk factors, a
high-risk genetic test result may additionally motivate lifestyle modification if it increases
one’s risk perception. However, it will be important that a low-risk genetic result not
decrease one’s motivation for lifestyle modification, since weight loss can prevent type 2
diabetes even in those with low-risk genetic profiles.17,18 This directional difference in
desired effect—in which high-risk genetic results increase motivation for lifestyle
modification but low-risk results do not decrease it—may require of the individual a
nuanced understanding of genotypic and phenotypic risk. That is, patients with clinical
characteristics such as obesity or metabolic syndrome will need to understand that they are
at markedly increased risk for type 2 diabetes regardless of their genetic profiles. In this
context, any extra motivation derived from high-risk genetic results may depend more on its
“personalized” nature than on its absolute risk reclassification.

The health belief model also theorizes that individual characteristics may modify the
behavior change that disease susceptibility perception may affect. A key factor in a patient’s
response to test results is his or her understanding of the risk presented, and ample evidence
demonstrates that health literacy and numeracy influence that under-standing.19–22 Poor
health literacy and numeracy have implications for diabetes prevention. Individuals with
limited health literacy use fewer preventive services23,24 and have difficulty estimating food
portion sizes.25 Those with poor health numeracy have difficulty interpreting food labels26

and are more likely to be obese.27 Numeracy also influences how individuals interpret
medical risk information.19 If new sources of risk information, including genetic testing, are
to motivate behavior change, then one must first be able to interpret that information. In
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addition to health literacy and numeracy, the new domain of genetic literacy may also be
important for understanding a patient’s interpretation of genetic risk information.28

Because the desired motivational effects of diabetes genetic testing may require a
sophisticated understanding of the relationship between phenotypic and genotypic risk, we
hypothesized that health literacy, genetic literacy, and health numeracy may influence the
motivational impact derived from genetic risk information. Here we examined the
relationship of these 3 domains with anticipated motivation to adopt lifestyle changes in
response to “high” and “low” diabetes genetic risk results among prediabetic participants in
the Genetic Counseling and Lifestyle Change for Diabetes Prevention (GC/LC) Study.

METHODS
The GC/LC Study29 is an ongoing randomized controlled trial assessing the effects of
genetic testing for type 2 diabetes risk plus genetic counseling on participant adherence to a
12-week lifestyle modification curriculum based on the Diabetes Prevention Program.8,30

Study participants were randomized to 2 groups: The intervention arm received a genetic
risk score for type 2 diabetes13 plus personalized genetic counseling, while the control group
received neither genetic testing nor counseling. Participants underwent a baseline
questionnaire that assessed health literacy, numeracy, motivation to prevent diabetes, and
perceived risk of diabetes. This report presents the analyses of these baseline characteristics
of all GC/ LC Study participants who completed the first baseline visit.

Study Participants
We recruited participants from a large academic hospital and its affiliated primary care
practices. Eligible patients were at least 21 years old and had a high risk of developing type
2 diabetes based on features of the metabolic syndrome, as identified in the electronic
medical record by a previously validated algorithm.31 Specifically, they were overweight
(body mass index ≥ 27.2 kg/m2 in women or ≥ 29.1 kg/m2 in men) and had any 2 of the
following additional characteristics: fasting plasma glucose ≥ 100 mg/dL (5.55 mmol/L),
blood pressure ≥ 130/85 mmHg or on antihypertensive medication, waist circumference >
35 in. (89 cm) in women or > 40 in. (102 cm) in men, triglycerides ≥ 150 mg/ dL (1.69
mmol/L), and high-density lipoprotein cholesterol < 50 mg/dL (1.3 mmol/L) in women or <
40 mg/dL (1.0 mmol/L) in men. Additional inclusion criteria were physical ability and
willingness to participate in the 12-week Diabetes Prevention Program curriculum and
proficiency in English. Patients were excluded if they had a diagnosis or treatment for type 1
or 2 diabetes mellitus or cardiovascular disease, including myocardial infarction, heart
failure, peripheral vascular disease, or a history of coronary bypass surgery. After
permission was obtained from their primary care providers, participants were invited to
participate in a study on diabetes prevention. To maximize the participation rate, each
eligible person was contacted by letter and at least 1 telephone call. The general information
given to the participants at the baseline visit informed them that they were at high risk for
developing type 2 diabetes based on the information in their medical records. The Partners
Institutional Review Board approved this study, and all patients provided written consent.

Main Measures
The baseline GC/LC Study questionnaire assessed participant characteristics. Race (white/
Caucasian, black/African American, American Indian/Alaskan Native, or other) and
ethnicity (Hispanic or non-Hispanic) were self-reported and categorized for these analyses
as non-Hispanic white or nonwhite. Highest educational attainment was self-reported as “8th
grade or less,” “9th–11th grade,” “12th grade or GED,” “1–3 years of college,” or “4 or
more years of college or graduate school.” Participants self-reported household income and

Vassy et al. Page 3

Med Decis Making. Author manuscript; available in PMC 2013 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



any family history of diabetes. Participants used a 10-point visual analog scale to rate their
current motivation to prevent diabetes. They were also asked to describe their perceived risk
of developing diabetes as “almost no chance,” “slight chance,” “moderate chance,” or “high
chance.”32

Health literacy was assessed with the validated Rapid Estimate of Adult Literacy in
Medicine (REALM).33 We assessed genetic health literacy using the short version of the
Rapid Estimate of Adult Literacy in Genetics (REAL-G). This validated instrument was
modeled on the REALM and requires respondents to read 8 genetics terms aloud. In the
original validation study, this 8-item REAL-G had a Spearman rank coefficient of 0.80 with
the REALM and predicted participants’ knowledge after receiving genetic information.28

Health numeracy was assessed with the Schwartz-Woloshin numeracy test, a validated set of
3 questions that ascertains a participant’s comprehension of risks and probabilities. We
defined adequate health numeracy as answering 2 or 3 of these questions correctly, because
these scores were significantly associated with greater accuracy in applying risk information
in the test’s validation study.34

The baseline questionnaire then asked participants to imagine hypothetical situations in
which they received genetic test results for diabetes. These questions were modeled on our
previous work in a similar population, which used expert review and patient focus groups to
develop questions about genetic testing and motivation for lifestyle change.35 Specifically,
participants in the present study were given the following scenario:

Imagine that before getting the genetic test, your doctor told you that you were at
increased risk for diabetes and recommended lifestyle changes (exercising 30
minutes 5 days a week and changing your diet to lose 7% of your body weight;
usually between 10–20 lbs) to prevent diabetes. If your genetic test result indicated
that you were at “high” genetic risk for diabetes:

How would this genetic test result change your motivation to make recommended
lifestyle changes?

How would this genetic test result change your motivation to take a medicine to
prevent diabetes if recommended by your doctor?

Participants were then asked the same questions regarding a hypothetical “low” genetic risk
result. The research assistant proctored the survey and was available to answer questions
about any of the survey items. Our previous structured interviews have demonstrated that
our study population had good comprehension of the scenarios.15 This anticipated
motivation change is the primary outcome for the present analyses and was scored on a 5-
point Likert scale: “much less motivated,” “somewhat less motivated,” “no change,”
“somewhat more motivated,” or “much more motivated.”

Statistical Analysis
Data are reported as means (standard deviation) or medians (interquartile range) for
continuous traits and as percentages for categorical data. We used t tests to compare values
of age and body mass index between groups. We used Fisher exact tests to compare
categorical data (sex, race/ethnicity, family history, and risk perception) and Mantel-
Haenszel exact trend tests with 1 degree of freedom to analyze income and education.
Because of its nonnormal distribution, we used Wilcoxon rank–sums to test whether
anticipated motivation change to hypothetical genetic test results varied among subgroups of
participants. We used Spearman rank–testing for correlations between continuous variables.
We considered P < 0.05 to indicate statistical significance. We excluded participants with
missing data from the corresponding analyses (see Table 1).
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RESULTS
Baseline Characteristics of Participants

We contacted 1463 potentially eligible patients by letter and telephone call. Of these, 83
were found to be ineligible for study participation after telephone screening. Of the
remaining 1380, 177 (12.8%) consented to enroll in the GC/LC Study and participated in the
baseline research visit. We subsequently excluded 2 patients who had diabetes on further
review. Table 1 shows the baseline characteristics of the 175 participants who completed the
baseline research visit. The majority were male (61%) and non-Hispanic white (85%), and
all were overweight or obese. When asked to rate their current motivation to prevent
diabetes on a scale of 0 (lowest) to 10 (highest), the median response was 10 (interquartile
range, 9–10). As a whole, the group was well educated, with 141 (81%) having completed at
least some college. Only 14 (8%) had health literacy at less than a high school reading level.
However, 66 (38%) had inadequate genetic literacy, and 53 (30%) had inadequate health
numeracy.

Associations With Health Literacy, Genetic Literacy, and Health Numeracy
REALM and REAL-G scores had a Spearman correlation coefficient of 0.60 (P < 0.001),
while the numeracy instrument had a correlation coefficient 0.26 with REALM and 0.31
with REAL-G (both P < 0.001). We examined the association between health literacy,
genetic literacy, and health numeracy and other patient characteristics (Table 1). Even in this
well-educated population, lower educational attainment was associated with lower health
literacy (P = 0.04), lower genetic literacy (P < 0.001), and lower health numeracy (P <
0.001). The same associations were evident for lower household income, which was
modestly correlated with educational attainment (Spearman coefficient, 0.37; P < 0.001).
Participants with low health numeracy were older (P = 0.03) and more likely to be nonwhite
(P = 0.01). Health literacy varied significantly by race/ethnicity; although nonwhites
composed only 13% of the total sample, they constituted 43% of those with low health
literacy (P = 0.003). Health literacy, genetic literacy, and health numeracy did not differ
significantly by sex.

Associations of Health Literacy and Numeracy With Motivation Change
Most participants reported that high-risk genetic results would increase their motivation for
lifestyle modification (median response corresponding to “much more motivated”) and for
medication use to prevent diabetes (median response corresponding to “somewhat more
motivated”). Only 3 (2%) reported that high-risk results would decrease or have no effect on
their motivation for lifestyle changes, while 39 (23%) said that high-risk results would
decrease or have no effect on their motivation to take medication. Despite these apparent
ceiling effects, those reporting higher baseline motivation to prevent diabetes and those with
at least some college education were more likely to anticipate greater motivation change for
lifestyle modification (P = 0.04 and P = 0.003, respectively). Responses to hypothetical
high-risk results did not differ by participant health literacy, genetic literacy, or health
numeracy.

In contrast to the high-risk results, we observed significant variation in responses to low-risk
results (Table 2). Thirty-eight participants (22%) anticipated that their motivation for
lifestyle modification would decrease, and 73 (42%) anticipated decreased motivation to
take medication to prevent diabetes. An increase in motivation for lifestyle modification was
more likely to be anticipated by patients who were nonwhite; were ≥ 60 years; had low
baseline motivation to prevent diabetes; had low baseline risk perception for diabetes; and
had low health literacy, genetic literacy, and health numeracy. Of these patient
characteristics, only age ≥ 60 years, low genetic literacy, and low health numeracy were
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significantly associated with greater motivation for medication use to prevent diabetes in
response to low-risk diabetes genetic test results. Lower household income predicted a
higher distribution of motivation scores for medication use but not lifestyle modification.
Although the median anticipated motivation changes for lifestyle modification and
medication use were higher among those with lower educational attainment, the results did
not reach statistical significance. Figure 1 illustrates the distribution of anticipated
motivation changes for lifestyle modification in response to hypothetical high-risk and low-
risk genetic results, stratified by health literacy and health numeracy. The results were
similar when stratified by genetic literacy.

DISCUSSION
Our survey of overweight patients at high risk for diabetes yielded 3 important results
regarding the anticipated motivational impact of diabetes genetic risk testing. First, our
cohort uniformly (98%) anticipated that high-risk genetic results would increase their
motivation to make lifestyle changes to prevent diabetes. Thus, we found no evidence that
high-risk results brought a sense of fatalism to the participants, since almost no patients
reported that such results would decrease their motivation for behavior change. These results
are consistent with our previous survey of nondiabetic primary care patients, of whom 71%
anticipated that high-risk genetic results would increase their motivation to prevent
diabetes35 and with qualitative interviews with individuals at high risk for diabetes.15

Whether these anticipated reactions translate into true behavior change will determine the
degree to which the concerns about genetic fatalism can be allayed. We did observe that
fewer respondents (77%) anticipated that high-risk results would increase their motivation to
take medications to prevent diabetes. A qualitative study of primary care patients in the
United Kingdom has similarly demonstrated a tendency for patients to prefer lifestyle
modification over medication use for cardiovascular disease prevention. In that study,
respondents frequently cited concern for adverse effects as the reason for this preference.36

Second, we observed a greater range of responses to hypothetical low-risk results, including
sizable proportions anticipating decreased motivation for lifestyle change and motivation to
take a medication to prevent diabetes. This decreased motivation is concerning if it indeed
results in poorer adherence to the recommendations for lifestyle modification necessary to
prevent diabetes. Even more so than in healthy populations, motivational genetic testing in
phenotypically at-risk individuals should have a greater responsibility not to decrease
motivation for clinically relevant behavior change. Given their clinical risk factors, all
participants already had high risk for diabetes, regardless of their genetic risk. Moreover, the
Diabetes Prevention Program has shown that they would all benefit from lifestyle
modification, independently of their genetic profiles.17,18,37 Our findings raise the concern
that low-risk genetic results might decrease the motivation for some at-risk individuals to
adopt preventive health behaviors. Prospective studies are needed to assess whether this is
true. If so, it would be consistent with the health belief model, in which lower perception of
disease susceptibility might translate to a lower likelihood of adopting healthy behaviors.

Our third major finding is the identification of patient characteristics associated with
different responses to the hypothetical situation of low-risk genetic results for diabetes. We
found that participants who anticipated decreased motivation for lifestyle modification in
response to low-risk results were more likely to be younger than 60, be non-Hispanic white,
and have high health literacy, genetic literacy, and health numeracy. They were also more
likely to have low baseline motivation to prevent diabetes but high diabetes risk perception.
Many of the risk factors for an anticipated decrease in motivation were correlated: Adequate
health numeracy was associated with younger age and non-Hispanic white race/ethnicity.
Educational attainment was not associated with anticipated motivation change from low-risk
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results, but it was significantly associated with health literacy, genetic literacy, and health
numeracy. These 3 domains are attractive candidates for the mechanisms through which
participant characteristics might modify the motivational effect of low-risk genetic results. It
could be that numerate participants approached this risk scenario more mathematically and
reasoned that low-risk results should lower, or at least not change one’s motivation for
lifestyle modification. However, less numerate individuals, who tend to overestimate their
risk and the benefit of prevention or treatment when presented with quantitative risk
information,38 may have had more difficulty with the scenario and approached it with more
of an emotional response.39

This is the first study to examine the association between health literacy, genetic literacy,
and health numeracy and anticipated motivation change for diabetes prevention from genetic
testing. In our sample, the 8-item REAL-G had a Spearman correlation coefficient of 0.60
with the REALM, compared with 0.80 in the original validation study.28 It is possible that
the age difference between the participants of the 2 studies explains the discrepant
correlation coefficients: Our participants had a mean age of 58 years, while the validation
study participants had a mean age of 40 years. A recent survey of 971 racially diverse
participants explored health beliefs about the behavioral and genetic components of risk for
obesity and diabetes.40 This study found that older age groups (particularly older than 50
years) had lower health literacy and genetic knowledge, as measured with 5 questions that
assess understanding of basic genetics concepts. After adjustment for covariates, including
education, age, and race, lower genetic knowledge was associated with a greater likelihood
to attribute one’s body weight, but not one’s risk of diabetes, to genetic rather than
behavioral factors. The authors of this study concluded that patients with lower genetic
knowledge might therefore be less motivated to lose weight, since they are more likely to
consider weight genetically determined. Our results suggest the opposite may be true. In a
highly motivated population, we found that lower health literacy, genetic literacy, and health
numeracy were in fact associated with higher motivation for lifestyle modification and
medication use to prevent diabetes in the hypothetical situation of low-risk genetic results. It
is important to note, however, that the REAL-G used in the present study was designed to
measure genetic literacy and not genetic knowledge, although its validation study
demonstrated that it did predict performance on a genetics learning task.28

The present analysis must be interpreted in the context of the study design. Although it
permits the examination of the participants’ baseline approach to genetic risk information,
the cross-sectional design tempers the conclusions that one can draw about how well
anticipated motivation change from genetic results will correlate with actual health behavior.
The degree to which survey demand characteristics positively or negatively influenced self-
reported anticipated motivation change is unknown.41,42 It is also possible that because the
hypothetical high-risk scenario was always presented before the low-risk scenario, a framing
bias may have influenced how participants responded to the low-risk results. We do not
know whether the use of a 5-point scale to measure baseline motivation and a 10-point scale
to measure anticipated motivation change affected participant responses.

Our analyses cannot disentangle the interplay among the many patient characteristics that
may influence the motivational impact of genetic results. While the domains of literacy and
numeracy have face validity as important effect modifiers in the response to genetic risk
information, we have demonstrated that they covary with other patient characteristics,
including age, education, and race/ ethnicity. Moreover, our study population is not
representative of the average patient at high risk for diabetes. Our participants had relatively
high educational attainment and household incomes. They also self-described as already
extremely motivated to prevent diabetes; thus, they may not be the ultimate target
population for genetic testing for behavior change motivation. These characteristics, in
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addition to our low recruitment rate, limit the generalizability of our findings. Even within
this relatively homogeneous sample, we still observed significant differences in the way that
participants responded to hypothetical low-risk genetic results. Studies in more diverse
populations will likely uncover even greater differences. It will be particularly important to
include participants with lower baseline motivation to prevent diabetes, because genetic
testing may have the greatest motivational impact for such individuals.

The limitations of the present study suggest areas for future research. Prospective studies
should assess whether genetic risk information changes motivation and whether motivation
change translates into actual behavior change. If such changes are indeed observed, it will be
important to elucidate the specific mechanisms by which an individual’s ability to interpret
genetic risk information might mediate those changes. Our results suggest that health
literacy, health numeracy, and genetic literacy influence one’s response to genetic risk
information, but larger studies will be able to adjust for potential confounders of these
apparent associations. Moreover, the REAL-G may not be the best measure of one’s
understanding of genetic concepts and their relevance to health risk. Studies should further
assess the relationship between genetic literacy and genetic knowledge as they pertain to the
interpretation of risk information. In addition, the communication of absolute risk
information in future research (as opposed to the relative nonquantitative “high” and “low”
results used in our hypothetical scenarios) will allow a better understanding of how
respondents perceive and valuate risk.

Our findings may have critical implications for the delivery of genetic risk information and
its use in medical decision making. At present, diabetes genetic risk information cannot be
recommended for risk reclassification over routine clinical factors, such as family history
and obesity. However, whether the “personalized” nature of genetic information has greater
value for motivating behavior change than other clinical risk factors is an area of active
research. If future studies confirm that certain patient characteristics modify the potential
motivational impact of genetic testing, then clinicians might take these characteristics into
account before offering genetic testing and when delivering results. Baseline assessment of
patient characteristics including genetic literacy and health numeracy may be prudent to help
frame the delivery of genetic risk information. For example, our results suggest that patients
with greater genetic literacy and numeracy who receive low-risk genetic results may require
more emphasis on their phenotypic risk to motivate them for behavior change. Although our
results give cause for optimism that those with low health literacy, genetic literacy, and
health numeracy may be motivated for health behavior change by genetic risk results, it is
noteworthy that this is a vulnerable and prevalent group. About 36% of the US adult
population has limited health literacy, and 55% have basic or below-basic numeracy skills.43

Poor health literacy is associated with higher incidence of chronic disease and lower
utilization of preventive health services.23 It will be important to examine whether the
increased motivation that these groups reported in our study translates into the behavior
changes that will improve their health.
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Figure 1.
Distribution of responses to how motivation for lifestyle modification would change in
hypothetical scenarios of high- and low-risk genetic results for type 2 diabetes, stratified by
health literacy and health numeracy.
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