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SIGNIFICANCE & INNOVATIONS


We analyzed data from a randomized controlled trial to test whether personalized
educational strategies increased RA risk factor knowledge.



Despite prior research identifying modifiable RA risk factors, first-degree relatives
(FDRs) had low baseline knowledge of these behaviors.



After receiving web-based disclosure of personalized RA risk, FDRs significantly
increased their knowledge of RA risk factors over 12 months of follow-up compared to
the standard strategy of RA education.



We developed a web-based personalized RA education tool that successfully increased
RA risk factor knowledge and could be widely implemented.
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ABSTRACT
Objective: To assess knowledge of rheumatoid arthritis (RA) risk factors among unaffected
first-degree relatives (FDRs) and to study whether a personalized RA education tool increases
risk factor knowledge.
Methods: We performed a randomized controlled trial assessing RA educational interventions
among 238 FDRs. The web-based Personalized Risk Estimator for RA (PRE-RA) tool displayed
personalized RA risk results (genetics, autoantibodies, demographics, and behaviors) and
educated about risk factors. Subjects were randomly assigned to: Comparison arm (standard
RA education, n=80), PRE-RA arm (PRE-RA alone, n=78), or PRE-RA Plus arm (PRE-RA and
a one-on-one session with a trained health educator, n=80). The RA Knowledge Score (RAKS,
the number of 8 established RA risk factors identified as related to RA) was calculated at
baseline and post-education (immediate/6 weeks/6 months/12 months). We compared RAKS
and its components at each post-education point by randomization arm.
Results: At baseline before education, few FDRs identified behavioral RA risk factors (15.9%
for dental health, 31.9% for smoking, 47.5% for overweight/obesity, and 54.2% for diet). After
education, RAKS increased in all arms, higher in PRE-RA and PRE-RA Plus than Comparison
at all post-education points (p<0.05). PRE-RA were more likely to identify risk factors than those
that received standard education (proportion agreeing smoking is a risk factor at 6 weeks:
83.1% in PRE-RA Plus arm, 71.8% in PRE-RA, and 43.1% in Comparison arms, p<0.05 for
PRE-RA vs. Comparison).
Conclusion: Despite being both familiar with RA and at increased risk, FDRs had low
knowledge about RA risk factors. A web-based personalized RA education tool successfully
increased RA risk factor knowledge.
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Health behaviors, such as diet, smoking, and exercise, are important modifiable risk
factors for many chronic diseases, including rheumatic diseases such as rheumatoid arthritis
(RA) (1-5). As medical care shifts its focus from treatment to prevention and early detection of
chronic diseases, clearly communicating and contextualizing factors that may affect disease risk
becomes crucially important. Therefore, understanding and measuring these qualities of health
literacy in at-risk populations is an essential first step to providing effective education that
promotes positive health behavior changes (6, 7).
RA is a chronic autoimmune disease that affects about 1% of the population (8). While

the etiology of RA is not yet fully understood, previous studies have identified several risk
factors to be associated with the development of RA. The contribution of genetic factors to RA
risk has been estimated to be as high as 50% in twin studies (9). Other non-modifiable risk
factors include the presence of RA-related auto-antibodies, rheumatoid factor (RF), and cyclic
citrullinated peptide (CCP) (10, 11). Modifiable risk factors such as smoking, obesity, low fish
consumption, and poor dental health also increase risk for developing RA (5, 12-15). Modifiable
factors may account for up to 41% of the risk of developing RA (16). Despite this progress, it is
unclear whether those at risk for RA know about these modifiable risk factors, particularly those
who are at increased susceptibility due to positive family history.
Health education has been shown to enhance knowledge and help individuals modify

lifestyle behaviors that place them at risk for disease (6). Health education can be delivered in a
variety of modes including in person through one-on-one and group sessions with health
educators and virtually, either through written materials or through interactive web-based
platforms. Information may be standardized or personalized to an individual’s risk factor profile.
Incorporating a personalized medicine approach, such as individualized genetic and biomarker
testing to disclose personalized genetic risk, into health education about lifestyle and behavioral
factors may be an effective method to influence behaviors (17, 18). Another educational
approach, motivational interviewing (MI) is a goal-oriented, person-centered approach that aims
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to support behavior change by identifying a patient’s readiness and ambivalence for behavior
change. MI uses techniques such as asking open-ended questions, providing affirmations, and
using reflective listening (19). A systematic review of 72 studies found that MI outperformed
traditional advice in 80% of studies (20). MI can encourage weight loss in overweight and obese
patients and may be efficacious for smoking cessation (21, 22). While MI has primarily been
used to facilitate behavior change, greater knowledge can be obtained or reinforced during the
interaction which may ultimately contribute to improved downstream clinical outcomes (23).
This study tested the effectiveness of RA educational interventions using a randomized

controlled trial that allocated unaffected first-degree relatives (FDR) of patients with RA to
personalized RA risk education or standard RA education. The primary analysis from the
Personalized Risk Estimator for RA (PRE-RA) Family Study reported that disclosure of RA risk
personalized with genetic, biomarker and behavioral risk factor results increased motivation to
improve RA risk-related behaviors compared to non-personalized education, ClinicalTrials.gov
identifier NCT02046005) (24).
In this secondary analysis of the PRE-RA Family Study, we aimed to describe the

baseline knowledge of RA risk factors among FDRs prior to RA education and to investigate
which educational intervention most effectively improves RA risk factor knowledge. We focused
on FDRs because they are at increased risk for RA and are familiar with RA due to interaction
with their RA-affected relatives. We performed this randomized controlled trial using three
strategies of RA education: 1) Comparison arm that received standard education; 2) PRE-RA
arm that received an interactive web-based RA risk tool personalized using demographics,
behaviors, biomarkers, and genetics; and 3) PRE-RA Plus arm that received the same
interactive web-based RA risk tool and additionally received a one-on-one session with a health
educator trained in MI techniques. We hypothesized that subjects who received personalized
RA risk information would demonstrate greater knowledge of RA risk factors after the
educational intervention than subjects receiving standard RA education. Further, we
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hypothesized that subjects in the PRE-RA Plus arm who received one-on-one health education
with a health educator using MI techniques would demonstrate greater knowledge of RA risk
factors and retain this knowledge longer than subjects in the PRE-RA arm.

METHODS
Study population
We recruited FDRs of patients with RA at a large tertiary care medical center (Brigham

and Women’s Hospital, Boston, MA). Adult FDRs aged <70 years without diagnosis of RA or
other systemic rheumatic disease were eligible. Past or current inflammatory arthritis was
assessed during eligibility screening by using a modified version of the Connective Tissue
Disease Screening Questionnaire (25). Those who had a positive screen had a complete joint
examination by a study rheumatologist (JAS). Anyone with inflammatory arthritis on examination
was excluded. We also excluded non-English-speaking individuals, since the study materials
and interventions were developed in English. All aspects of the study were approved by the
Partners HealthCare Institutional Review Board.

Study design
We performed a randomized controlled trial of RA educational interventions. All subjects

completed demographic and RA risk factor knowledge information at baseline, prior to
intervention. Subjects were then randomly allocated to one of three educational interventions
using permuted block randomization. RA risk factor knowledge was assessed at the following
time points after educational intervention: immediately, 6 weeks, 6 months, and 12 months.
Data were collected at in-person study visits at baseline, immediately following RA education
intervention, and after the 6-month booster RA education visit. Assessments at 6-week and 12month time points were collected using mailed questionnaires. The study was performed from
2013 to 2016. The study flow of recruitment and follow-up is shown in Figure 1.
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PRE-RA tool
The PRE-RA web-based educational intervention is an interactive educational tool

adapted from Your Disease Risk (http://www.yourdiseaserisk.wustl.edu), which was customized
for the PRE-RA Family Study to incorporate personalized genetic and biomarker information
and RA-specific material (26). The PRE-RA tool collects data on age, sex, family history of RA
and autoimmune diseases in FDRs, and RA risk-related behaviors (height, weight, physical
activity, diet including fish and fish oil supplements, dental health, and smoking) (27-30).
Individuals received personalized genetic results (positive defined as any shared epitope, or
negative), autoantibody results (RF and/or CCP positive or both negative), and an interactive
webpage with a thermometer graphic that displayed non-modifiable risk factors, and modifiable
risk factors, where clicking on an individual risk factor raised or lowered the height of the
thermometer based on its presence and strength of association with RA (Figure 2). Risk factor
education was also provided throughout the PRE-RA tool with links to personalized educational
tips, text, and websites. Individuals also received quantitative lifetime risk estimates for RA as a
graphic representation with a proportion of 100 pictographs shaded to represent their personal
lifetime risk of developing RA (along with text showing the percent likelihood of developing RA).

Interventions and study arms
Comparison arm. Subjects randomized to the Comparison arm received standard, non-

personalized education about RA conveyed in a one-on-one lecture format. The RA education
consisted of RA signs and symptoms, treatment, screening, pathophysiology, and epidemiology.
RA education in the Comparison arm was geared towards the general population, not patients
with RA. Detailed information on RA behavioral risk factors, genetics, and autoantibodies were
not presented, as is typical for standard care.
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PRE-RA arm. Subjects randomized to the PRE-RA study arm received personalized RA
health education via the PRE-RA web-based tool. Information provided included genetic and
autoantibody results, and personalized relative risk (through graphic display) and lifetime risk (in
percent) of developing RA.
PRE-RA Plus arm. Subjects randomized to the PRE-RA Plus arm received education

via the web-based tool plus a one-on-one session with a health educator using MI techniques.
The MI session consisted of an interactive session tailored to the subject’s behaviors and
individual results attained from the PRE-RA tool. The session included interpretation of genetic
and autoantibody results as well as education of how behaviors might increase or decrease the
risk for developing RA.
6-month booster education. At the conclusion of the 6-month post-education visit, all

subjects received another session of RA education according to the original assignment of study
arm. The education portion of the study occurred after surveys were obtained that measured RA
risk factor knowledge.

Outcomes
RA Knowledge Score (RAKS). The primary outcome of this study was RA risk factor

knowledge, measured by RAKS. We collected whether subjects agreed or disagreed that risk
factors were related to RA development using the previously validated Illness Perception
Questionnaire that was modified for RA (31). This questionnaire consists of a list of possible RA
risk factors that range from modifiable factors such as smoking or high caffeine intake, to nonmodifiable factors such as heredity. Subjects indicated their beliefs about whether each risk
factor is related to RA risk using a 5-point Likert scale with possible answers of: “strongly
disagree,” “disagree,” “neither agree nor disagree,” “agree,” or “strongly agree.” Table 1 shows
the items on this questionnaire. From this list of possible risk factors, we chose 8 established
risk factors for RA (aging, altered immunity, being overweight/obese, diet or eating habits,
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genetics or heredity, my own behavior, poor dental health, and smoking) to calculate RAKS (3234). RAKS was the sum of the number of these 8 RA risk factors that a subject either agreed or
strongly agreed was related to RA, with a possible range of 0-8, and higher scores indicating
more RA risk factor knowledge. Other items on the questionnaire were not considered in the
score. We assessed RAKS at baseline among the entire study sample. We then compared
responses between subjects allocated to the Comparison, PRE-RA, and PRE-RA Plus arms
immediately post-education intervention, through mail-in surveys at 6 weeks post-education,
prior to the 6 month booster education, and at the conclusion of the 12 month trial.
Individual components of RAKS. In addition to the overall RAKS score, we evaluated

the proportion of subjects agreeing that the components of RAKS were related to RA risk (left
column of Table 1). We calculated the proportion of the entire study sample at baseline prior to
RA education that agreed that each item was a risk factor for RA. We then analyzed each posteducation time point and arm separately to evaluate the change over time for knowledge of
each risk factor.

Statistical analysis
We used descriptive statistics to characterize the study sample by study arm at baseline

and describe knowledge of individual RA risk factors. We calculated the continuous RAKS
scores at baseline and each post-education time point by study arm and plotted these scores
over time to evaluate for trend before and after each educational intervention. Similarly, we
reported the proportion of subjects in each arm that agreed each RA risk factor in RAKS was
related to RA risk. Since characteristics were balanced across study arms prior to
randomization, we reported the baseline proportion of those that agreed RAKS components
were RA risk factors among the entire study at baseline for ease of interpretation.
For our primary analysis, we used linear regression comparing study arms at each post-

intervention time point where RAKS was the dependent variable and the study arms were the
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independent variables, adjusted for baseline RAKS. We made the following between-arm
comparisons at each post-intervention time point: PRE-RA Plus vs. Comparison, PRE-RA vs.
Comparison, and PRE-RA Plus vs. PRE-RA at each post-education study time point. We
compared the PRE-RA Plus and PRE-RA arms to investigate whether the health educator
offered additional benefit beyond the web-based PRE-RA tool.
In the secondary analysis investigating the 8 individual components of RAKS, we

compared the percentage of those who agreed or strongly agreed to the RA risk factors by
study arm at each time point using chi-square tests. Similar to the primary analysis, we
performed the following between-arm comparisons for each component at each post-education
time point: PRE-RA Plus vs. Comparison, PRE-RA vs. Comparison, and PRE-RA Plus vs. PRERA.
We considered a two-sided p value <0.05 as statistically significant. All analyses were

performed using SAS v9.4 (Cary, NC).

RESULTS
Study subject characteristics
The study sample included 238 subjects who were randomized to the Comparison arm

(n=80), the PRE-RA arm (n=78), or the PRE-RA Plus arm (n=80). The study flow showing
recruitment, enrollment, and follow-up is summarized in Figure 1. A total of 206 subjects (87%)
completed 12 months of follow-up and this high follow-up rate was similar in all arms.
Baseline characteristics of randomized subjects assigned to each study arm are

summarized in Table 2. The majority of subjects were female (79% in the Comparison arm,
80% in the PRE-RA arm, and 71% in the PRE-RA Plus arm). Study subjects were also highly
educated, with 88% having greater than high school education. There were no statistically
significant differences between the study arms regarding any of the baseline characteristics, as
expected in this randomized controlled trial.
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Primary outcome: RA knowledge score (RAKS)
At baseline prior to the educational intervention, RAKS was similarly low in all study

arms (4.4, SD 1.9 for the Comparison arm; 4.5, SD 1.9 for the PRE-RA arm; and 4.0, SD 1.9 for
the PRE-RA Plus arm) as shown in Figure 3. Immediately after the educational intervention,
there were statistically significant improvements in RAKS in both the PRE-RA and PRE-RA Plus
arms compared to the Comparison arm (p<0.05). The PRE-RA arm had mean RAKS of 7.0 (SD
1.2) and the PRE-RA Plus arm had mean RAKS of 7.2 (SD 0.8) compared to the Comparison
arm, which had a mean RAKS of 5.3 (SD 1.7). While the RAKS score decreased at subsequent
time points, it remained higher than at baseline in all arms. RAKS remained significantly higher
in the PRE-RA arm (at 6 weeks: 6.0, SD 1.7; at 6 months: 6.1, SD 1.6) and PRE-RA Plus arm
(at 6 weeks: 6.5, SD 1.6; at 6 months: 6.4, SD 1.6) compared to the Comparison arm (at 6
weeks: 5.1, SD 2.2; at 6 months: 4.8, SD 2.0) (p<0.05 for all comparisons). Overall, the
increased RAKS in the PRE-RA and PRE-RA Plus arms was maintained during the entire study
1-year follow-up period.
We also compared the PRE-RA Plus and PRE-RA arms to investigate whether the

health educator offered additional benefit in RA knowledge beyond the web-based PRE-RA tool.
Subjects in the PRE-RA Plus arm had slightly higher RAKS than those in the PRE-RA arm at all
post-education time points. However, this difference was only statistically significant at 6 weeks
and 12 months post-education (p<0.05).

Individual RA risk factor knowledge
Knowledge of specific risk factors was measured by the proportion of subjects who

correctly identified each of the 8 risk factors of RAKS, by indicating that they agreed or strongly
agreed that the risk factor was related to RA (Table 3). At baseline, combining all three arms,
nearly all subjects (96.2%) agreed that heredity or genetics is related to RA risk. However, only
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15.6% agreed or strongly agreed that poor dental health is related to RA. Smoking, one of the
most well-established modifiable risk factors for RA, was not perceived as a risk factor by the
majority of FDRs at baseline, with only 31.9% agreeing or strongly agreeing that smoking is
related to RA risk. Similarly, FDRs had low knowledge about other modifiable RA risk factors:
my own behavior (43.7%), being overweight/obese (47.5%), and diet (54.2%).
After the RA educational intervention, a significantly greater percentage of subjects in

the PRE-RA arm relative to the Comparison arm identified that the following 3 risk factors were
related to RA at the 6 week study time point: poor dental health (86.8% vs. 37.3%), smoking
(69.1% vs. 48.0%), diet or eating habits (77.9% vs. 56.0%) (p<0.05 for all comparisons). The
statistically significant difference between the PRE-RA and Comparison arms persisted at 6
months and 12 months post-education.
Subjects in the PRE-RA Plus arm identified even more of the 8 risk factors at 6 weeks

post-education compared to the Comparison arm: poor dental health (91.6% vs. 37.3%),
smoking (78.9% vs. 48.0%), my own behavior (74.7% vs. 53.3%), being overweight/obese (83%
vs. 52%), diet or eating habits (83% vs. 56%) (p<0.05 for all comparisons). At 6 months and 12
months post-educational intervention, the statistically significant differences between these
groups regarding these 5 risk factors persisted.
When comparing PRE-RA Plus and PRE-RA arms, a greater percentage of subjects in

the PRE-RA Plus arm agreed that the following risk factors were related to RA: my own
behavior (74.7% vs. 55.9%, p<0.05) and being overweight/obese (83.1% vs. 66.2%, p<0.05). At
6 months, more subjects in the PRE-RA Plus arm than the PRE-RA arm agreed that
overweight/obese (81.7% vs. 63.4%, p<0.05) was an RA risk factor. At 12 months, the only risk
factor that had higher knowledge in PRE-RA Plus arm was poor dental health (98.5% vs.
86.8%, p<0.05). There were no other differences when comparing the PRE-RA Plus and PRERA arms.
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DISCUSSION
In this randomized controlled trial performed among FDRs without RA, we found that the

baseline knowledge of RA risk factors was low but increased significantly following a
personalized RA educational intervention. Personalized health education with disclosure of RA
risk via the web-based tool in the PRE-RA and PRE-RA Plus arms led to significantly higher
RAKS at all post-education time points when compared to the Comparison arm that received
standard, non-personalized education. Overall, the health educator provided only modest
excess benefit beyond the web-based PRE-RA tool, suggesting that the web-based platform
alone could be sufficient to educate FDRs about RA risk factors.
A systematic review of health education interventions demonstrated improved health literacy

for a variety of illnesses in the primary care setting (6). Some studies found that providing
personalized risk estimates alone is insufficient to change behaviors (18, 35, 36). MI was found
to effectively motivate behavior change, and outperformed traditional strategies in the treatment
of behavioral problems and diseases (20). In our study, the PRE-RA arm (personalized RA risk
factor education) had a similar increase in RAKS as the PRE-RA Plus arm (personalized RA
risk factor education with health educator using MI techniques). This suggests that viewing
personalized risk information for RA increases health literacy regardless of using MI techniques
through a health educator. MI techniques may be more useful for individuals with a disease,
rather than those who were at risk for a disease, such as our study population of FDRs
unaffected with RA. However, there were some modest improvements in RA risk factor
knowledge in the PRE-RA Plus arm compared to PRE-RA alone.
Epidemiologic studies show strong associations between smoking and increased RA risk

(5), moderate associations between overweight/obesity and increased RA risk (37-40) and
periodontitis and increased RA risk (13, 29), and modest protective associations of fish/omega-3
fatty acid consumption (14, 15, 41, 42). Despite this extensive literature, risk factor knowledge
for modifiable lifestyle and behavioral risk factors was low among FDRs in our study even
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though they were motivated to participate in this study. Particularly concerning was the lack of
knowledge about well-established risk factors for RA, such as smoking. While few subjects were
active smokers, most subjects disagreed, rather than agreed, that smoking was a risk factor for
RA. Since this is one of the most well established behavioral RA risk factors, our findings
suggest that more work needs to be done in educating those at risk for developing RA before
there can be any potential for behavior change or pharmacologic intervention that might result in
preventing or delaying the onset of RA. These results are particularly pertinent now that multiple
pharmacologic studies for RA prevention are actively enrolling subjects based on risk factor
profiles, autoantibody positivity, arthralgias, or subclinical synovitis (34, 43).
We used data from a randomized controlled trial using a novel web-based interactive tool for

personalized RA education, so these results are unlikely to be confounded by other factors. We
modeled our tool based on Your Disease Risk, a standard web-based risk calculator that has
already been widely implemented for 12 cancers and 6 other chronic diseases (44). We used
disclosure techniques of risk incorporating several quantitative and qualitative approaches after
extensive literature review (45). All study health educators underwent standardized training for
MI techniques. We recruited family members of patients seen at our center who were known to
have RA and did not rely solely on self-report of family history. We did not enroll any subjects
who had early or undiagnosed inflammatory arthritis. Other strengths of our study include: 12
months of follow-up, which is relatively lengthy for a behavioral intervention study; ability to
detect a difference between study arms; and high rates of follow-up.
Our study has several limitations. Although there is some evidence that changing smoking

behavior can reduce RA risk (46, 47), there are less data showing that behavior change for diet,
physical activity, weight loss, and dental care actually reduce RA risk. While RAKS was
developed based on a validated survey instrument (31), its validity in capturing RA risk factors
has not been established. Further, we created RAKS through expert consensus but alternative
definitions of RA knowledge are possible and may have affected results. However, when
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analyzing the individual components of RAKS, such as smoking, we observed similar effects as
the overall score. Therefore, we find it unlikely that our results are due to the derivation of
RAKS. While we used a randomized controlled trial, this was a secondary analysis so should be
considered as hypothesis-generating and not as confirmatory. Further, we were unable to blind
subjects or study staff to allocation of arms due to the nature of the study which may have
affected results. While we observed the greatest difference in knowledge attainment between
PRE-RA Plus arm and the Comparison arm, we only included two brief sessions with the health
educator. Other more intense approaches using MI techniques may have resulted in even
greater differences. We did observe that subjects in the Comparison arm had an increase in RA
knowledge over time likely due to participation in the study and interest in RA prevention.
However, we were still able to detect differences between both PRE-RA arms and the
Comparison arm throughout the study. While the PRE-RA tool could be widely implemented
based only on questionnaires, our study used genetics and autoantibody results which may
have motivated FDRs to participate. It is unclear how well the PRE-RA tool might perform
without these components. Because our study population was highly educated (88% had more
than a high school education) and were mostly white, our results may not be widely
generalizable. Despite this high level of education, the baseline knowledge of RA risk factors in
our study was very low. This suggests that enacting this intervention in more diverse and less
educated populations might have an even greater impact on increasing knowledge of RA risk
factors which could result in positive health behavior changes and ultimately lower the risk for
RA.
In conclusion, our results suggest that a web-based tool using personalized RA risk

disclosure may be effective in educating unaffected FDRs about RA risk factors. Our study
suggests that the PRE-RA web-based tool may be a helpful public health resource for providing
personalized risk disclosure and increasing RA risk knowledge, particularly among FDRs
without RA. Since we found similar results when comparing the PRE-RA Plus and PRE-RA
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arms, this suggests that even without in-person facilitation, the PRE-RA tool could be widely
implemented to educate about RA risk factors and motivate healthy behavior change.
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FIGURE LEGENDS

Figure 1. Flow diagram indicating recruitment, randomization, and follow-up of participants.
PRE-RA = Personalized Risk Estimator for Rheumatoid Arthritis; RA = rheumatoid arthritis.

Figure 2. Example of the results pages of web-based PRE-RA risk tool personalized with
demographics, genetics, RA-related autoantibodies, and behaviors using A) an interactive
relative RA risk display and B) a pictogram displaying absolute lifetime RA risk.

Figure 3. RA Knowledge Score of 8 RA risk factors at each study time point according to
randomly assigned RA educational intervention.
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Table 1. Items included in RA risk factor knowledge questionnaire given to participants at all
study visits.
8 components of RA Knowledge Score
(RAKS)

Other items included in questionnaire

Aging

Accident or injury

Altered immunity

Alcohol

Being overweight/obese

Chance or bad luck

Diet or eating habits

Feeling down, lonely, or empty

Genetics or Heredity*

High caffeine intake

My own behavior

Infection

Poor dental health

Low calcium intake

Smoking

My mental attitude
Overwork
Pollution in the environment
Poor medical care in my past
Stress or worry

Possible answers were: strongly disagree, disagree, neither agree nor disagree,
agree, or strongly agree.

* Heredity and genetics were asked separately but combined when calculating the RA
Knowledge Score.

RAKS is the sum of 8 items in the left column that a subject either agreed or strongly
agreed is a risk factor for RA. Items in the right column were not considered. Possible
scores range from 0-8 with higher scores indicating more RA risk factor knowledge.

RA = rheumatoid arthritis; RAKS = RA Knowledge Score
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Table 2. Baseline characteristics of subjects according to randomized RA educational
intervention (n=238).
Comparison
arm
n=80

PRE-RA arm
n=78

PRE-RA Plus
arm
n=80

Mean age, years (SD)

43.4 (14.7)

45.0 (14.9)

48.3 (13.7)

Female, n (%)

63 (78.8)

62 (79.5)

57 (71.3)

Education >high school, n (%)

72 (90.0)

68 (87.2)

69 (86.3)

White, n (%)

69 (86.3)

65 (83.3)

73 (91.3)

Underweight (<18.5 kg/m2)

0 (0.0)

0 (0.0)

2 (2.6)

Normal weight (18.5-24.9 kg/m2)

28 (45.9)

37 (48.7)

25 (32.9)

Overweight (25-29.9 kg/m2)

16 (26.2)

17 (22.4)

25 (32.9)

Obese (≥30 kg/m2)

17 (27.9)

22 (29.0)

24 (31.6)

4.4 (1.9)

4.5 (1.9)

4.0 (1.9)

Parent only

55 (68.8)

53 (70.7)

47 (66.2)

Sibling only

9 (11.2)

13 (17.3)

16 (22.5)

Offspring only

7 (8.8)

9 (12.0)

8 (11.3)

More than one type of relative with RA

9 (11.3)

3 (3.9)

9 (11.3)

Mild

11 (13.8)

9 (12.3)

7 (9.0)

Moderate

44 (55.0)

50 (68.5)

43 (55.1)

Severe

21 (26.3)

12 (16.4)

26 (33.3)

Unsure

4 (5.0)

7 (9.0)

4 (5.0)

None

40 (50.0)

39 (50.0)

45 (56.3)

1

35 (43.8)

34 (43.6)

24 (30.0)

2

5 (6.3)

5 (6.4)

11 (13.8)

BMI category, n (%)*

Mean RAKS (SD)
Type of relative with RA, n (%)

Perceived RA severity of relative with RA,
n (%)

HLA-DRB1 shared epitope alleles present,
n (%)

This article is protected by copyright. All rights reserved.

0 (0.0)

2 (2.6)

0 (0.0)

Positive RF, n (%)

4 (5.0)

4 (5.1)

3 (3.8)

Positive CCP2 or RF, n (%)

4 (5.0)

4 (5.1)

3 (3.8)

Accepted Article

Positive CCP2, n (%)

* Body mass index data were available on 61 in the comparison arm, 76 in the PRE-RA arm,
and 76 in the PRE-RA Plus arm. There were no missing data for any other variables.
** Only current smokers were assessed by the smoking ladder (n=15).
CCP2 = cyclic citrullinated peptide, 2nd generation; PRE-RA = Personalized Risk Estimator for
RA; RA = rheumatoid arthritis; RAKS = RA Knowledge Score
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Table 3. Proportion of subjects who agreed that each RAKS component was related to RA risk at each study time point according to RA educational
intervention.
Baseline

6 weeks post-education

6 months post-education

12 months post-education

Overall1

Compari
son arm

PRE-RA
arm

PRE-RA
Plus arm

Compari
son arm

PRE-RA
arm

PRE-RA
Plus arm

Compari
son arm

PRE-RA
arm

PRE-RA
Plus arm

Poor dental
health

15.6%

37.3%

86.8%*

91.6%*

51.4%

88.7%*

94.4%*

50.7%

86.8%*

98.5%*†

Smoking

31.9%

48.0%

69.1%*

78.9%*

43.1%

71.8%*

83.1%*

46.6%

73.5%*

86.2%*

My own behavior

43.7%

53.3%

55.9%

74.7%*†

40.3%

54.9%

69.0%*

53.4%

60.3%

70.8%*

Being
overweight/obese

47.5%

52.0%

66.2%

83.1%*†

47.2%

63.4%

81.7%*†

57.5%

64.7%

76.9%*

Diet or eating
habits

54.2%

56.0%

77.9%*

83.1%*

52.8%

88.7%*

73.2%*†

57.5%

79.4%*

87.7%*

Aging

58.4%

80.0%

67.7%

60.6%*

63.9%

71.8%

63.4%

57.5%

61.8%

58.5%

Altered immunity

79.4%

81.3%

76.5%

84.5%

84.7%

70.4%*

77.5%

86.3%

77.9%

80.0%

Heredity or
Genetics

96.2%

98.7%

98.5%

97.2%

98.6%

100.0%

98.6%

97.3%

97.1%

98.5%

Component of
RAKS

* p<0.05 in PRE-RA Plus arm or PRE-RA arm compared to the Comparison arm
† p<0.05 in PRE-RA Plus arm compared to the PRE-RA arm

1

The proportion of subjects at baseline prior to randomization for educational intervention was similar in all 3 study arms so the overall percentage
of the total study sample is presented.
RA = rheumatoid arthritis; RAKS = RA Knowledge Score
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