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Disclosure of Personalized Rheumatoid Arthritis
Risk Using Genetics, Biomarkers, and
Lifestyle Factors to Motivate Health Behavior
Improvements: A Randomized Controlled Trial
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Objective. To determine the effect of disclosure of rheumatoid arthritis (RA) risk personalized with genetics, biomark-
ers, and lifestyle factors on health behavior intentions.
Methods. We performed a randomized controlled trial among first-degree relatives without RA. Subjects assigned to the Per-
sonalized Risk Estimator for Rheumatoid Arthritis (PRE-RA) group received the web-based PRE-RA tool for RA risk factor
education and disclosure of personalized RA risk estimates, including genotype/autoantibody results and behaviors (n =
158). Subjects assigned to the comparison arm received standard RA education (n = 80). The primary outcome was readiness
for change based on the trans-theoretical model, using validated contemplation ladder scales. Increased motivation to
improve RA risk–related behaviors (smoking, diet, exercise, or dental hygiene) was defined as an increase in any ladder
score compared to baseline, assessed immediately, 6 weeks, and 6 months post-intervention. Subjects reported behavior
change at each visit. We performed intent-to-treat analyses using generalized estimating equations for the binary outcome.
Results. Subjects randomized to PRE-RA were more likely to increase ladder scores over post-intervention assessments
(relative risk 1.23, 95% confidence interval [95% CI] 1.01, 1.51) than those randomized to nonpersonalized education.
At 6 months, 63.9% of PRE-RA subjects and 50.0% of comparison subjects increased motivation to improve behaviors
(age-adjusted difference 15.8%; 95% CI 2.8%, 28.8%). Compared to nonpersonalized education, more PRE-RA subjects
increased fish intake (45.0% versus 22.1%; P = 0.005), brushed more frequently (40.7% versus 22.9%; P = 0.01), flossed
more frequently (55.7% versus 34.8%; P = 0.004), and quit smoking (62.5% versus 0.0% among 11 smokers; P = 0.18).
Conclusion. Disclosure of RA risk personalized with genotype/biomarker results and behaviors increased motivation
to improve RA risk–related behaviors. Personalized medicine approaches may motivate health behavior improvements
for those at risk for RA and provide rationale for larger studies evaluating effects of behavior changes on clinical out-
comes, such as RA-related autoantibody production or RA development.

INTRODUCTION

The identification of genetics, biomarkers, and behavioral
risk factors associated with chronic diseases in epidemio-
logic studies has helped to elucidate pathogenesis and
enhance prevention strategies. Personalized medicine
approaches incorporating these factors have been advocated

to target chronic disease prevention efforts to those at high-
est risk (1). Health behavior improvements, such as smoking
cessation, can prevent or reduce the risk of developing
many serious chronic diseases, such as cancer and diabetes
mellitus, as well as cardiovascular, respiratory, and autoim-
mune diseases (2). A meta-analysis of 18 clinical trials eval-
uating risk disclosure for chronic diseases personalized
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with genetic information reported minimal effect for
improving health behaviors or increasing motivation to
change behavior (3). Since many genes are not determinis-
tic, but rather susceptibility genes that increase the probabil-
ity of chronic disease, risk disclosure incorporating
behavioral or biomarker risk factors may be needed to fur-
ther motivate behavior improvements.
Similar to other complex chronic diseases, the etiology of

rheumatoid arthritis (RA) is not yet fully understood, but
many risk factors have been identified. HLA–DRB1 positiv-
ity is the strongest genetic risk factor, increasing risk by
about 3-fold (4,5). Behavioral factors, such as smoking, obe-
sity, low fish intake, and poor dental health, are associated
with increased RA risk (6–9). Smoking is the strongest
behavioral RA risk factor, and prolonged cessation >20
years decreases RA risk to that of never smokers, suggest-
ing that smoking cessation may lower RA risk (6,10,11).
Increased fish intake is associated with decreased RA
risk, perhaps due to the antiinflammatory effects of
omega-3 fatty acids (8,12,13). Being overweight or obese is

associated with increased RA risk (7,14). Poor dental
hygiene is a risk factor for periodontitis, which is associ-
ated with increased RA risk and perhaps related to the
effects of bacterial peptidylarginine deiminase enzymes
from Porphyromonas gingivalis on citrullination and
autoimmunity (9,15,16). None of these factors have been
studied for risk reduction with behavior change, except for
smoking cessation (10,11). Having a first-degree relative
(FDR) with RA increases personal RA risk by 4-fold, likely
due to shared genetic and behavioral risk factors (17,18).
The presence of RA-related serum autoantibodies (rheuma-
toid factor [RF] and cyclic citrullinated peptide [CCP])
markedly increases the risk for subsequent RA develop-
ment (19). Risk models incorporating these factors can
accurately identify those at very elevated RA risk, particu-
larly when performed among FDRs (20). The population-
attributable risk for RA of known behavioral factors is about
40%, suggesting that improving these health behaviors may
reduce risk of developing RA (17). Intention to change
behavior is the first step toward persistent behavior change,
which may subsequently lead to demonstrable effects on
health outcomes such as autoantibody development or RA
risk.
We conducted the Personalized Risk Estimator for Rheu-

matoid Arthritis (PRE-RA) Family Study as a proof-of-con-
cept trial to investigate whether RA risk disclosure to
unaffected FDRs personalized with genetics, biomarkers,
and behaviors would increase motivation to change behav-
iors related to RA development. We hypothesized that
those who received personalized RA risk disclosure would
be more motivated to change RA risk–related behaviors
compared to those not receiving this information.

SUBJECTS AND METHODS

Study population. We recruited unaffected adult FDRs of
patients with RA at a single academic rheumatology center
(Brigham and Women’s Hospital, Boston, Massachusetts)
from 2013–2016. Patients with RA received study infor-
mation and we asked them to reach out to their relatives to
identify potential subjects (21). We studied unaffected FDRs
since they are familiar with RA and at increased risk for
disease development. We excluded FDRs who were >70
years of age, had symptoms or a diagnosis of RA or another
systemic rheumatic disease, and were non-English speakers
(since the interventions were not developed in other lan-
guages). The Partners HealthCare Institutional Review Board
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Significance & Innovations
• We previously developed a web-based, personal-

ized rheumatoid arthritis (RA) risk education tool to
disclose RA risk personalized to genetics, biomark-
ers, demographics, and RA risk–related behaviors.

• We performed a randomized controlled trial among
238 first-degree relatives without RA as a proof-of-
concept study to evaluate whether personalized RA
risk disclosure motivated health behavior improve-
ments compared to standard, nonpersonalized RA
education.

• Relatives assigned to receive personalized RA risk
assessment through the web-based tool were 23%
more likely to increase motivation to improve RA
risk–related behaviors over 6 months compared to
those assigned to receive standard, nonpersonal-
ized education about RA.

• These results suggest that personalized medicine
approaches may motivate health behavior improve-
ments in those at risk for RA and provide rationale
for larger studies evaluating the effect of health
behavior changes on clinical outcomes such as RA
risk or autoantibody production.
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approved the study. The study was registered on Clinical
Trials.gov (NCT02046005).

Screening. Potential participants were screened to verify
that the affected relative was a parent, sibling, or offspring
diagnosed with RA on medical record review according to
accepted classification criteria (22). Questionnaires screened
for RA symptoms and systemic rheumatic disease (23).
A positive screen prompted evaluation by a study rheu-
matologist (JAS), who obtained history and performed
musculoskeletal physical examination. Those with evidence
of past/current inflammatory arthritis were ineligible. All
subjects agreed to participate in the study after giving
written informed consent.

PRE-RA web-based educational intervention. We devel-
oped the PRE-RA tool as a web-based educational inter-
vention, adapted from Your Disease Risk and previously
described in detail (http://www.yourdiseaserisk.wustl.edu/)
(21). The PRE-RA tool collected data on age, sex, family
history, and behavioral risk factors. It also disclosed genetic
(HLA–DRB1) and autoantibody (RF/CCP) results. Further-
more, it combined risk factors and disclosed personalized
risk, displayed as both relative risk (RR) and absolute
lifetime RA risk estimates, to provide several formats for
displaying numeric results (24). The methods and primary
literature for RRs and population prevalence of each RA risk
factor that were components of the PRE-RA tool were
reported in detail in a previous publication (21). Finally, the
PRE-RA tool provided personalized education about RA,
including visual presentation of personal risk factors with
tailored tips on how to modify personal behavioral factors,
and how to recognize early RA symptoms.

Study design. We conducted a randomized controlled
trial to test the effect of disclosing risk factors for RA,
personalized with behavioral factors, HLA–DRB1 genotype,
and autoantibody status, on motivation to change RA be-
havioral risk factors among FDRs. At baseline, surveys were
administered and blood samples were obtained. RF and CCP
tests were performed using clinical assays (RF by nephelom-
etry, CCP by second-generation enzyme-linked immuno-
sorbent assay). HLA–DRB1 genotyping was performed using
sequenced-based typing and sequence-specific oligonucleo-
tide probe hybridization (positive: presence of at least 1
classical RA shared epitope allele) (5).
Subjects were randomized to 1 of 3 study arms in equal

ratios (Figure 1) using permuted block randomization
from a random number generator using statistical soft-
ware. The comparison arm received standard education
about RA epidemiology, symptoms, and diagnosis during
a one-on-one verbal presentation and handouts. The PRE-
RA arm received the web-based PRE-RA risk disclosure
and education tool alone. The PRE-RA Plus arm received
the PRE-RA tool, as well as a one-on-one session with a
health educator lasting about 45 minutes to facilitate inter-
pretation and provide personalized education about
potential RA risk–related behavioral changes using moti-
vational interviewing techniques. Our primary hypothesis
evaluated the group of subjects receiving personalized RA
risk disclosure by PRE-RA (PRE-RA and PRE-RA Plus

arms) compared to those not receiving personalized RA
risk disclosure in the comparison arm.
Subjects completed questionnaires on sociodemograph-

ics, risk behavior, and health care utilization at baseline
and immediately, 6 weeks, 6 months, and 12 months after
the RA educational intervention. All subjects received a
booster education session identical to the intervention at
baseline after the completion of the 6-month followup
visit. Subjects randomized to the comparison arm could
receive their personalized RA risk results by the PRE-RA
tool after the conclusion of their participation.

Outcome measures. We measured motivation to improve
behaviors based on Prochaska’s stages of readiness for change
using validated contemplation ladder scales (range 0–10,
higher score indicating more motivation to change) at the
following time points: baseline and immediately, 6 weeks, 6
months, and 12 months post-intervention (25,26). Rungs on
the ladder correspond to stages of motivation to change be-
havior according to the trans-theoretical model as a progres-
sion through precontemplation, contemplation, preparation,
action, and maintenance (27). The contemplation ladder
outcome was originally validated in studies investigating
behavior change in smokers and has been commonly used as
an outcome in clinical trials measuring motivation to change
many health behaviors (25,26,28–30).
We measured the 4 RA-related behaviors using contem-

plation ladders for each behavior. Only current smokers
answered the smoking ladder. Our prespecified primary
composite outcome was defined as an increase in any of
these 4 ladders by at least 1 point at the immediate, 6-week,
and 6-month post-intervention time points compared to
baseline. In secondary analyses, we analyzed the outcome
for each individual contemplation ladder and included the
12-month post-intervention time point to evaluate the long-
term effects of the intervention.
At each post-intervention visit, subjects reported changes

in food intake, physical activity, tooth brushing, tooth floss-
ing, and smoking compared to before the educational inter-
vention. In secondary analyses, we analyzed these self-
reported behavior changes.

Sample size calculation power. A previous trial evalu-
ated motivation to improve passive smoking behaviors
among pregnant women and those with young children,
and found that 25.4% improved their stages of motivation
to change behavior according to the trans-theoretical model
after intensive education, compared to 12.8% of the com-
parison group that received standard education (difference
of 12.6%) (31). Therefore, a sample size of 148 in the PRE-
RA group and 74 in the comparison arm provided >80%
power to detect a difference, ranging from 8–14% de-
pending on the proportion of the comparison arm that
increased motivation to improve behaviors (21).

Statistical analysis. We used t-tests, chi-square, or
Fisher’s exact tests to compare baseline variables between the
2 groups compared in the primary analysis (PRE-RA group
and comparison arm). Our prespecified primary analysis was
to compare RR for the primary composite outcome between
the 2 groups at the 3 primary post-intervention time points
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(immediate, 6 weeks, and 6 months) in intent-to-treat
analyses using generalized estimating equations (GEE) for
the binary outcome. For those with missing data, we
carried forward the last observation to preserve randomi-
zation. For example, a randomized subject who withdrew
before receiving the intervention was assigned baseline
ladder scores at all time points, and would be analyzed as
having no increased motivation to improve behaviors.
Since age was unbalanced between the randomization
groups and associated with the primary composite
outcome, the final multivariable model adjusted for con-
tinuous years of age. Other baseline characteristics were
balanced across randomization groups. There was no

interaction between time after intervention and randomi-
zation group for the primary composite outcome, so this
was not included in the final model. We performed
sensitivity analyses using generalized linear mixed models
that assume missing data are missing at random, instead of
GEEs, which assume missing data are missing completely
at random. We additionally used the raw data by weighted
GEE without carrying forward observations to evaluate
whether the pattern of missing data affected our results.
We compared the difference in proportions of the out-

come between the PRE-RA group and comparison arm at
each post-intervention time point. We compared increases
in the 4 individual contemplation ladders for each behavior

Figure 1. Subject flow diagram in a randomized controlled trial of personalized vs. nonpersonalized rheumatoid arthritis (RA) educa-

tional interventions. PRE-RA = Personalized Risk Estimator for Rheumatoid Arthritis; ITT = intent-to-treat.
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by groups at each of the 3 primary post-intervention time
points. In secondary analyses evaluating the long-term
effect of the intervention, we additionally included the
12-month time point and analyzed these 4 post-interven-
tion time points identically as already described.
In secondary analyses, we compared the PRE-RA Plus

arm to the PRE-RA arm to evaluate the effect of the health
educator on motivation to improve behaviors. We investi-
gated the composite outcome as an increase in at least 1

ladder scale compared to baseline at each post-intervention
time point. We further stratified the PRE-RA group into
those who received high versus low lifetime RA risk
results, defined as those who had scores greater than or less
than the median (5%) lifetime risk on the PRE-RA tool. For
this secondary analysis, we performed a modified intent-to-
treat analysis since subjects were required to receive the
intervention to be categorized as high or low lifetime RA
risk. For missing data in these analyses, we carried the last

Table 1. Baseline characteristics of the 238 randomized unaffected first-degree relatives in the PRE-RA
Family Study*

Primary analysis Secondary analyses

Comparison
arm,
n = 80

PRE-RA
group,
n = 158

PRE-RA
arm,
n = 78

PRE-RA Plus
arm,
n = 80

Age, mean � SD years 43.4 � 14.7 46.7 � 14.4 45.0 � 14.9 48.3 � 13.7

Female, no. (%) 63 (78.8) 119 (75.3) 62 (79.5) 57 (71.3)

White, no. (%) 69 (86.3) 138 (87.3) 65 (83.3) 73 (91.3)

>High school education, no. (%) 72 (90.0) 137 (86.7) 68 (87.2) 69 (86.3)

Current smoker, no. (%) 4 (5.0) 11 (7.0) 6 (7.7) 5 (6.3)

BMI, mean � SD kg/m2† 27.2 � 6.2 27.4 � 6.0 26.9 � 5.8 27.9 � 6.1

BMI categories (kg/m2), no. (%)†

Underweight (<18.5) 0 (0.0) 2 (1.3) 0 (0.0) 2 (2.6)

Normal (≥18.5 and <25.0) 28 (45.9) 62 (40.8) 37 (48.7) 25 (32.9)

Overweight (≥25.0 and <30.0) 16 (26.2) 42 (27.6) 17 (22.4) 25 (32.9)

Obese (≥30.0) 17 (27.9) 46 (30.3) 22 (29.0) 24 (31.6)

Fish consumption <1/week‡ NA 38 (25.0) 19 (25.0) 19 (25.0)

Tooth flossing <1/day‡ NA 92 (60.5) 44 (57.9) 48 (63.2)

Dental check-up <1/every 6 months‡ NA 32 (21.1) 22 (29.0) 10 (13.2)

Perceived RA severity of relative with

RA, no. (%)

Mild 11 (13.8) 16 (10.1) 9 (12.3) 7 (9.0)

Moderate 44 (55.0) 93 (58.9) 50 (68.5) 43 (55.1)

Severe 21 (26.3) 38 (24.1) 12 (16.4) 26 (33.3)

Unsure 4 (5.0) 11 (7.0) 7 (9.0) 4 (5.0)

Type of relative with RA, no. (%)

Parent only 55 (68.8) 100 (63.2) 53 (67.9) 47 (58.8)

Sibling only 9 (11.2) 29 (18.4) 13 (16.7) 16 (20.0)

Offspring only 7 (8.8) 17 (10.8) 9 (11.5) 8 (10.0)

More than 1 type of relative with RA 9 (11.3) 12 (7.6) 3 (3.8) 9 (11.3)

HLA–DRB1 shared epitope alleles present

0 40 (50.0) 84 (53.3) 39 (50.0) 45 (56.3)

1 35 (43.8) 58 (36.7) 34 (43.6) 24 (30.0)

2 5 (6.3) 16 (10.1) 5 (6.4) 11 (13.8)

Positive CCP 0 (0.0) 2 (1.3) 2 (2.6) 0 (0.0)

Positive RF 4 (5.0) 7 (4.4) 4 (5.1) 3 (3.8)

Positive CCP or RF 4 (5.0) 7 (4.4) 4 (5.1) 3 (3.8)

Ladder score, mean � SD

Dental 9.0 � 1.7 8.5 � 2.4 8.6 � 2.2 8.4 � 2.7

Exercise 8.4 � 2.0 8.3 � 2.2 8.4 � 2.2 8.2 � 2.3

Diet 7.1 � 2.9 7.0 � 3.1 7.3 � 2.9 6.7 � 3.2

Smoking§ 6.3 � 1.9 5.3 � 1.9 6.0 � 1.7 4.8 � 2.1

Dental, exercise, and diet ladders, mean � SD 8.2 � 1.4 8.0 � 1.6 8.1 � 1.5 7.8 � 1.7

* The Personalized Risk Estimator for Rheumatoid Arthritis (PRE-RA) is a web-based risk assessment tool that uses an indi-
vidual’s genetics (HLA–DRB1), autoantibodies (cyclic citrullinated peptide [CCP] and rheumatoid factor [RF]), age, sex, fam-
ily history, and RA risk–related behaviors to provide personalized education on their RA risk. The primary analysis
compared the PRE-RA group to the comparison arm. Secondary analyses compared all 3 study arms. BMI = body mass index;
NA = not applicable.
† Data on BMI were obtained on 61 subjects in the comparison arm, 76 in the PRE-RA arm, and 76 in the PRE-RA Plus arm.
‡ Data on dietary intake and dental health behaviors were only obtained in the PRE-RA and PRE-RA Plus arms as part of
the PRE-RA tool.
§ Only current smokers were assessed by the smoking ladder (n = 15). Ladder scores ranged 0–10, with higher scores indi-
cating increased motivation to improve that behavior.
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observation forward as in our primary analysis. We com-
pared self-reported behavior changes at post-intervention
time points by the groups using chi-square tests. Two-sided
P values less than 0.05 were considered statistically signifi-
cant in all analyses.

RESULTS

Subjects. Of the 350 potential participants that con-
tacted study staff, 238 FDRs met the inclusion criteria,
agreed to participate, and were randomized (Figure 1).
Eighty subjects were randomized to the comparison arm,
78 to the PRE-RA arm, and 80 to the PRE-RA Plus arm.
For the primary analysis, we combined the 2 PRE-RA
arms into a single group (n = 158). Eight subjects were
randomized but withdrew prior to receiving an RA
educational intervention; they were included in intent-to-
treat analyses. Withdrawal and loss to followup rates
were similarly low in all study arms, ranging from 8–12%
at last followup.
Table 1 shows baseline characteristics of subjects accord-

ing to randomized groups. Most subjects were female
(76.5%), white (87.0%), and had greater than high school
education (87.8%). Mean age was lower in the comparison
arm (43.4 years) than the PRE-RA group (46.7 years), but
other factors were balanced across randomization groups.
At baseline, most subjects had ladder scores >5, indicating
that many were in the preparation stage or beyond for
behavior change prior to intervention. Few subjects were in
the pre-contemplative stage (rungs 0 or 1 on ladders) at
baseline (0% for smoking, 2.9% for dental care, 9.7% for
diet, and 0.8% for exercise).

Motivation to improve RA risk–related behaviors. Fig-
ure 2A shows the proportion of subjects in each
randomization group who met the primary composite
outcome of increased motivation to improve RA risk–related
behaviors (≥1 point increase in any ladder score) at each
post-intervention time point compared to baseline). In
the primary analysis using GEE, those who received
personalized RA risk disclosure with the PRE-RA tool were
more likely to increase motivation to improve behaviors than
those in the comparison arm over the 3 post-intervention
time points (age-adjusted RR 1.23 [95% CI 1.01, 1.51]; P =
0.043). Results were similar in sensitivity analyses using
alternative methods for missing data (P = 0.048 for the
generalized linear mixed model, and P = 0.030 for weighted
GEE not carrying forward missing data, both comparing the
PRE-RA group to the reference of the comparison arm).
At 6 months post-intervention, 63.9% of subjects who

received PRE-RA disclosure increased motivation to improve
RA risk–related behaviors compared to 50.0% in the compar-
ison arm (age-adjusted difference 15.8% [95% CI 2.8, 28.8];
P = 0.017). When examining individual components of the
composite outcome, subjects in the PRE-RA group were more
likely to have ≥1 point increase in the dental hygiene ladder
than those in the comparison group (26.3% versus 14.1%;
age-adjusted difference 12.6% [95% CI 2.6, 22.5%]; P =
0.014) (Table 2). The proportion of subjects who had an
increase in diet and exercise ladders was similar between the

Figure 2. Proportion of subjects with increased motivation to
improve rheumatoid arthritis (RA) risk–related behaviors from
baseline to post-intervention time points. A, Personalized Risk
Estimator for Rheumatoid Arthritis (PRE-RA) group and com-
parison arm in intent-to-treat (ITT) analysis, B, PRE-RA arm,
PRE-RA Plus arm, and comparison arm in ITT analysis, and C,
Subjects disclosed to have high (≥5%) lifetime risk of RA on the
PRE-RA tool, those disclosed to have low (<5%) lifetime risk of
RA on the PRE-RA tool, and subjects in the comparison arm who
received education in modified ITT analysis performed among
those who received an RA educational intervention. Relative
risks (RRs) for increased willingness to improve behaviors from
baseline, 95% confidence intervals (95% CIs), and P values were
all age-adjusted and attained using generalized estimating equa-
tions for repeated measures over time.
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PRE-RA group and comparison arm, although the diet ladder
improvement approached statistical significance favoring the
PRE-RA group (P = 0.069). There was no difference in motiva-
tion to quit smoking between the PRE-RA group and compar-
ison arm among the 15 subjects that were current smokers at
baseline.

Secondary analyses. Figure 2B shows the proportion of
subjects at each post-intervention time point that achieved
the primary composite outcome according to the 3 study
arms. Those who received the PRE-RA tool alone were more
likely than those in the comparison arm to achieve the
primary outcome at 6 months after the intervention (P =
0.022). There was no significant difference between those
who received the PRE-RA tool alone compared to those who
received the PRE-RA Plus health education, although the
proportion who achieved the primary composite outcome
tended to be higher for subjects that received PRE-RA alone
(Table 3).
We further stratified the PRE-RA group into those who

received high versus low lifetime RA risk results, defined
as those who had scores greater than or less than the me-
dian (5%) lifetime risk on the PRE-RA tool. Those with
high lifetime RA risk were more likely to reach the primary
composite outcome than the comparison arm (RR 1.35
[95% CI 1.10, 1.66]; P = 0.004) (Figure 2C), while those
with low lifetime RA risk had no difference compared to
the comparison arm (RR 1.12 [95% CI 0.89, 1.41]; P = 0.32).
As a secondary analysis, we assessed the long-term effect

of the intervention by including the 12-month, post-inter-
vention time point and found similar effects as the primary
analysis (RR 1.21 [95% CI 1.00, 1.47]; P = 0.05) for the pri-
mary composite outcome.

Self-reported behavior changes. At 6 months post-inter-
vention, 40.7% of the PRE-RA group reported brushing teeth
more frequently, compared to 22.9% of the comparison arm
(P = 0.010) (Table 4). Similarly, more subjects in the PRE-RA
group reported flossing teeth more frequently (P = 0.004)
and increasing fish intake (P = 0.005) than in the comparison
arm. Although both the PRE-RA group (50.4%) and com-
parison arm (46.5%) reported high rates of increasing
physical activity at 6 months post-intervention, these pro-
portions were not significantly different (P = 0.59).
Subjects randomized to the PRE-RA Plus arm were

more likely to report increased tooth brushing (P = 0.025),
flossing (P = 0.010), and fish consumption (P = 0.009) at 6
months post-intervention than subjects randomized to the
comparison arm. For food items without directed edu-
cation in the PRE-RA group, there were few differences
between the PRE-RA group and comparison arm. There
were no statistically significant differences in behavior
changes between the PRE-RA Plus and PRE-RA arms.
Among current smokers at baseline who had followup

data at 6 months post-intervention, 63% (5 of 8) of those
in the PRE-RA group reported quitting smoking, com-
pared to 0% (0 of 3) in the comparison arm (P = 0.18).
One subject in the PRE-RA arm who had both RF and
CCP test positive at high titers reported developing RA
about 1 year after randomization.

DISCUSSION

In this proof-of-concept trial, subjects who were randomly
assigned to receive personalized RA risk disclosure and
education using an online tool personalized with genetics,
biomarkers, demographics, and behavioral factors were

Table 2. Proportion of subjects who had increased motivation to improve RA-related behaviors at baseline and 6
months after RA educational intervention (n = 238)*

Measure
Comparison arm

(n = 80)
PRE-RA group

(n = 158)

Age-adjusted
difference
(95% CI)

Age-adjusted
P

Composite outcome

With ≥1 point increase in any ladder score, % 50.0 63.9 15.8 (2.8, 28.8) 0.017

Individual components of composite outcome

Dental ladder

Mean � SD at baseline 9.0 � 1.7 8.5 � 2.4

Mean � SD at 6 months after intervention 8.1 � 2.7 8.8 � 2.1

With ≥1 point increase, % 14.1 26.3 12.6 (2.6, 22.5) 0.014

Diet ladder

Mean � SD at baseline 7.1 � 2.9 7.0 � 3.1

Mean � SD at 6 months after intervention 6.4 � 3.5 7.5 � 2.9

With ≥1 point increase, % 31.3 42.7 11.7 (�0.9, 24.2) 0.069

Exercise ladder

Mean � SD at baseline 8.4 � 2.0 8.3 � 2.2

Mean � SD at 6 months after intervention 8.7 � 1.8 8.8 � 1.6

With ≥1 point increase, % 27.5 33.5 6.1 (�6.1, 18.3) 0.33

Smoking ladder†

Mean � SD at baseline 6.3 � 1.9 6.2 � 2.4

Mean � SD at 6 months after intervention 7.0 � 1.83 7.4 � 2.9

With ≥1 point increase, % 50.0 54.6 13.0 (�45.5, 71.5) 0.66

* RA = rheumatoid arthritis; PRE-RA = Personalized Risk Estimator for Rheumatoid Arthritis; 95% CI = 95% confidence interval.
† Only current smokers at baseline were assessed by the smoking ladder (n = 15).
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23% more likely to increase motivation to improve behav-
iors related to RA risk compared to those randomized to
receive standard, nonpersonalized RA education. Beyond
motivation to improve behaviors, subjects who received
personalized RA risk disclosure were also more likely to
report health behavior improvements than those not receiv-
ing personalized risk disclosure. These findings demon-
strate that a personalized medicine approach can motivate
those at increased chronic disease risk to make health
behavior improvements. We further evaluated the effect of
incorporating a health educator and found that the web-
based PRE-RA tool performed similarly with and without a
health educator at all post-intervention time points. There-
fore, web-based personalized medicine approaches may be
useful to motivate health behavior improvements to poten-
tially lower RA or other chronic disease risk (3,32).
Those at increased genetic risk for a chronic disease may

be more likely to undergo screening for that condition
(33,34). However, genetic risk disclosure alone has had lim-
ited impact on other health behavior changes (3,35). Our
study is one of the few to evaluate the effect of factors
beyond genetics by including the impact of biomarkers,
demographics, and behavioral risk factors to motivate posi-
tive health behavior changes. While the entire group
randomized to receive personalized risk disclosure and edu-
cation was more likely to increase motivation than the com-
parison arm, we found that those who were at the highest
lifetime RA risk had the most marked increase in motivation
to change behaviors. Those at highest RA risk were moti-
vated to improve behaviors despite receiving information
on non-modifiable factors such as age, sex, genetics, and
autoantibodies that also contributed to their personalized

RA risk estimates. In a similar investigation, the REVEAL
Study used genetic risk disclosure alone for Alzheimer’s
disease (AD); those with high-risk alleles for AD and with
high lifetime AD risk were significantly more likely to report
AD-specific health behavior changes than those without risk
alleles (36–38). In contrast, a recent meta-analysis con-
cluded that disclosure of genetic factors for chronic diseases
alone did not significantly motivate health behavior im-
provements (3). Our findings suggest that disclosing multiple
personalized factors for disease risk may have a greater
impact on motivating behavior improvements to those at
high risk than genetic risk disclosure alone.
We evaluated self-reported changes of 4 RA risk–related

behaviors as secondary outcomes. We found that dietary
and dental hygiene changes were more likely to be
reported in the PRE-RA group than the comparison arm,
whereas changes in exercise were similar. There was a
high rate of smoking cessation in the PRE-RA group, but
we were unable to detect a statistical difference in cessa-
tion rates, likely due to a low number of current smokers.
Behaviors such as increasing physical activity and smok-
ing cessation are commonly recommended as healthy in
many contexts, so specific interventions for a chronic dis-
ease such as RA may not offer additional motivation (39).
We found that education about less recognized RA risk
factors of fish intake and dental health resulted in greater
motivation to improve behaviors as well as self-reported
behavior improvements. Personalized approaches for
chronic disease risk reduction may therefore offer the
most benefit for behaviors that are less familiar to the pop-
ulation at risk and more amenable to behavioral interven-
tions. We were unable to measure behavior changes and

Table 3. Proportion of subjects among the PRE-RA group who had increased motivation to improve RA-related
behaviors at baseline and 6 months after RA educational intervention (n = 158)*

Measure

PRE-RA
group
(n = 78)

PRE-RA
Plus arm
(n = 80)

Age-adjusted
difference
(95% CI)

Age-adjusted
P

Composite outcome

With ≥1 point increase in any ladder score, % 68.0 60.0 �4.8 (�19.8, 10.3) 0.54

Individual components of composite outcome

Dental ladder

Mean � SD at baseline 8.6 � 2.2 8.4 � 2.7

Mean � SD at 6 months after intervention 8.8 � 2.1 8.8 � 2.1

With ≥1 point increase, % 25.6 26.9 0.8 (�12.9, 14.5) 0.91

Diet ladder

Mean � SD at baseline 7.4 � 2.9 6.7 � 3.2

Mean � SD at 6 months after intervention 8.1 � 2.4 6.9 � 3.3

With ≥1 point increase, % 43.6 41.8 0.6 (�14.6, 15.9) 0.94

Exercise ladder

Mean � SD at baseline 8.4 � 2.2 8.2 � 2.3

Mean � SD at 6 months after intervention 8.9 � 1.5 8.7 � 1.7

With ≥1 point increase, % 35.9 31.3 �3.3 (�18.2, 11.7) 0.67

Smoking ladder†

Mean � SD at baseline 6.5 � 2.1 5.8 � 3.0

Mean � SD at 6 months after intervention 8.0 � 2.8 6.6 � 3.1

With ≥1 point increase, % 66.7 40.0 �29.3 (�102.8, 44.2) 0.44

* PRE-RA = Personalized Risk Estimator for Rheumatoid Arthritis; 95% CI = 95% confidence interval.
† Only current smokers at baseline were assessed by the smoking ladder (n = 11, among those who were randomized to receive PRE-RA).
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had to rely on self-report. It is therefore possible that the
differential education in each arm could explain differ-
ences in self-reported behaviors. Due to the nature of the
interventions, we were unable to blind subjects to assign-
ment of study intervention.
While the health behaviors we chose to include in our

primary composite outcome are related to RA risk, it is
unclear that improving many of these behaviors, other
than smoking, reduces RA risk. While smoking cessation
has been shown to decrease RA risk, it may take up to 20
years after sustained cessation until the risk of former
smokers approaches that of never smokers (10,11). While
obesity is associated with increased RA risk, studies have
not investigated whether weight loss decreases RA risk or
weight gain increases RA risk (7,14). There is currently no
evidence that increasing physical activity, improving den-
tal hygiene, or increasing fish intake reduces RA risk,
despite other known health benefits of these behaviors.
Education about other dietary behaviors that may be
related to RA risk (such as alcohol, vitamin D, and sugar-
sweetened soda intake) were not included in the PRE-RA
tool and may have motivated behavior changes differently
(40–42). Other RA risk–related biomarkers (such as other
genetic factors, novel autoantibodies, and serum inflam-
matory markers) were not included in RA risk estimates
of the PRE-RA tool, but could be incorporated in future
versions (4,43–48). We included factors in the PRE-RA
tool with the strongest evidence for validity and were lim-
ited in the number of serologic factors we could measure
prior to disclosing RA risk (21).
Our findings may only be applicable to unaffected FDRs

of patients with RA but not to other chronic rheumatic dis-
eases. However, we adapted the PRE-RA tool from a web

site developed to calculate personalized risk for many
common chronic diseases, used accepted methods to dis-
play relative and absolute risks, and provided education
about common behavioral risk factors, so a similar frame-
work is likely to be relevant to other chronic diseases (49).
We recruited at a single site, and subjects were well-
educated and mostly women, so our findings may not be
generalizable to other populations. Since lower socioeco-
nomic status is associated with increased prevalence of
high-risk health behaviors such as smoking, implementing
the PRE-RA tool in a different population might yield
more pronounced effects on motivation to change health
behaviors. While we performed a randomized controlled
trial, we were unable to blind subjects to the educational
interventions they received. It is possible that lack of
blinding might have biased the study, since subjects knew
which RA educational intervention they received. How-
ever, rates of loss to followup were similarly low in all 3
study arms. We analyzed our primary outcome using mul-
tiple strategies for missing data in followup and found that
our results were similar regardless of the method for han-
dling missing data.
Due to sample size limitations, we used a composite

measure of motivation to change any of 4 behaviors as our
primary outcome. However, our findings of improvements
in diet and dental hygiene ladder scores and self-reported
behaviors were consistent in secondary analyses so these
subjects likely were more motivated to change these
behaviors. While we found a statistical difference
between randomization groups, a high proportion of sub-
jects in the comparison arm achieved the primary out-
come, perhaps due to the study sample being primed to
increase motivation by participation, and the meaningful

Table 4. Self-reported behavior improvements at 6 months after RA educational intervention*

Behavior/action
Comparison

arm

PRE-RA
Low lifetime
RA risk on
PRE-RA

High lifetime
RA risk on
PRE-RAGroup Arm

Plus
arm

Behaviors with directed health education in the

PRE-RA arm and PRE-RA Plus arm

Brushing teeth/more frequent 22.9 40.7† 37.1 44.3† 38.9‡ 42.7†

Flossing teeth/more frequent 34.8 55.7† 51.4‡ 60.0† 48.6 63.2†

Fish/more consumption 22.1 45.0† 42.0‡ 47.9† 42.3‡ 47.8†

Physical activity/increased 46.5 50.4 47.9 52.9 47.2 53.6

Smoking/quit§ 0.0 62.5 60.0 66.7 75.0 50.0

Behaviors without directed health education

Fruit/more consumption 26.8 40.9† 36.6 45.1‡ 37.5 44.3†

Vegetables/more consumption 33.8 39.7 41.3 38.0 30.6 49.3¶
Beans, nuts/more consumption 18.6 22.7 23.9 21.4 19.4 26.1

Fats, oils/less consumption 22.9 21.6 25.7 17.4 18.6 24.6

Meat, poultry/less consumption 7.3 17.0 15.7 18.3 19.7‡ 14.3

Sugar/less consumption 37.7 42.6 49.3 35.7 40.3 44.9

* Values are the percentage. There were no statistical differences in self-reported behavior improvements between the Personalized Risk
Estimator for Rheumatoid Arthritis (PRE-RA) arm and PRE-RA Plus arm.
† P < 0.01 compared to comparison arm.
‡ P < 0.05 compared to comparison arm.
§ Smoking behavior change was analyzed among 11 current smokers at baseline who had followup data 6 months after educational interven-
tion. Five of 8 smokers in the PRE-RA group reported quitting smoking at 6 months after educational intervention compared to 0 of 3
smokers in the comparison arm (P = 0.18).
¶ P < 0.05 for high (≥5%) lifetime RA risk compared to low (<5%) lifetime RA risk on the PRE-RA tool.
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change in the composite outcome of increasing motivation
of any health behavior is unclear. However, over 60% of
smokers in the PRE-RA group had quit smoking 6 months
after the intervention compared to none in the compar-
ison arm, so it is possible that our intervention might have
marked effects on behavior changes that may affect RA
risk. In secondary analyses with extension to 12 months
of followup, we found similar increased motivation to
improve behaviors, arguing that our intervention may
have relatively long-lasting effects. Finally, the outcomes
in our study were self-reported, so subjects may not have
actually improved behaviors. In this proof-of-concept
trial, we showed that personalized RA risk disclosure
motivated health behavior improvements for lifestyle fac-
tors important in the development of RA, particularly
dental hygiene and fish intake. Since behaviors may be
the only potentially modifiable risk factors for RA,
encouraging behavior change is the first step toward
establishing rationale for larger behavior intervention tri-
als powered to investigate the effect of behavior change
on RA risk or surrogate biologic markers, such as RA-
related autoantibody development (50).
In conclusion, we demonstrated a personalized medi-

cine approach that translated epidemiologic findings for
genetics, biomarkers, and health behaviors into a person-
alized web-based intervention for those at elevated RA
risk, which may improve health behaviors related to RA
development.
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