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Abstract

Objective—Young adults, in general, are not aware of their risk of knee osteoarthritis (OA). 

Understanding risk and risk factors is critical to knee OA prevention. We tested the efficacy of a 

personalized risk calculator on accuracy of knee OA risk perception and willingness to change 

behaviors associated with knee OA risk factors.

Methods—We conducted a randomized controlled trial of 375 subjects recruited using Amazon 

Mechanical Turk. Subjects were randomized to either a) use a personalized risk calculator based 

on demographic and risk factor information (intervention) or b) view general OA risk information 

(control). At baseline and after the intervention, subjects estimated their 10-year and lifetime risk 

of knee OA and responded to contemplation ladders measuring willingness to change diet, 

exercise, or weight-control behaviors.

Results—Subjects in both arms had an estimated 3.6% 10-year and 25.3% lifetime chance of 

developing symptomatic knee OA. Both arms greatly overestimated knee OA risk at baseline, 

estimating a 10-year risk of 26.1% and a lifetime risk of 47.8%. After the intervention, risk 

calculator subjects’ perceived 10-year risk decreased by 12.9 percentage points to 12.5% and 

perceived lifetime risk decreased by 19.5 percentage points to 28.1%. Control subjects’ perceived 

risks remained unchanged. Risk calculator subjects were more likely to move to an action stage on 

the exercise contemplation ladder (RR = 2.1). There was no difference between the groups for diet 

or weight-control ladders.

Conclusions—The risk calculator is a useful intervention for knee OA education and may 

motivate some exercise-related behavioral change.
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Introduction

Knee osteoarthritis (OA) is a highly prevalent disease that affects around 14 million adults in 

the United States (1). Although knee OA is generally viewed as a disease related to aging, 

recent data suggest that half of diagnoses are made in patients younger than 55 (2). 

Numerous risk factors for developing OA have been identified, including obesity (3–6), knee 

injury (4,5), occupational exposure (7), older age (4,5), and female sex (4,5). OA prevention 

efforts have traditionally targeted populations that have already accumulated major risk 

factors (8,9). As disease-modifying drugs are not currently marketed, prevention strategies 

focused on risk factors are essential for reducing the future burden of knee OA (10). Weight 

loss over about 5kg over a decade halved the risk of knee OA in women in the Framingham 

knee OA study (11). Exercise therapies have also been shown to reduce knee injury in 

younger cohorts (10,12).

Few studies have focused on how well individuals understand their risk and how risk 

perception may affect OA prevention efforts (13). Young adults are generally unaware that 

some risk factors for OA are modifiable (13). Furthermore, they may over- or under-estimate 

their risk due to lack of information. Accurate risk assessment is important, as people who 

underestimate their risk may lead a less healthy lifestyle, while those who overestimate their 

risk may perceive of the disease as inevitable and may not take preventative measures (14–

16). Prevention efforts should therefore focus on a younger population prior to accrual of 

modifiable and preventable risk factors.

Risk calculators have been developed for chronic diseases such as diabetes, cancer, stroke, 

and chronic heart disease (17–21) in order to provide patients with accurate information 

about their risk, and, potentially, to make them more amenable to prevention. Risk 

calculators have improved risk perception accuracy for colorectal cancer (22) and have been 

shown to be effective in increasing intention to adhere to periodontal treatment (23). 

Personalized risk communications also have been shown to enhance informed decisions 

about screening procedures (24).

We developed an online risk calculator for knee OA that uses demographic and risk factor 

information to estimate risk. Its acceptability was tested in a clinical setting (25) and we 

have also used it to assess the perception of risk in the general population (13). This study 

tested the effectiveness of the calculator in a randomized trial that examined whether use of 

the calculator could educate young adults regarding their individualized risk of knee OA. 

Study participants also responded to contemplation ladders, which are instruments used to 

measure willingness to change. Participants ranked their willingness to change diet, exercise, 

and weight-control before and after the intervention. These data provide insight as to 

whether education regarding the risk of knee OA affects willingness to engage in behavioral 

change related to obesity, a major risk factor for knee OA. We hypothesized that subjects 

presented with personalized risk information would improve their understanding of their 

knee OA risk and be more willing to alter behavior associated with OA risks factors than 

subjects shown generalized information about OA.
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Subjects and Methods

Risk Calculator Development

We developed an online risk calculator that provides personalized risk estimates for OA 

based on data entered by the user. The risk estimates used in the calculator were developed 

from the Osteoarthritis Policy Model (OAPol), a validated, state-transition, Monte Carlo 

simulation of population characteristics and treatments for knee OA (2,26). Risk factors 

were incorporated into the model using a prediction model published by Zhang et al (27). 

We carried out 1,920 model simulations using combinations of the following characteristics: 

age (25–45), sex (male or female), race (White, Black, Hispanic), obesity status (obese, not 

obese), occupational exposure (yes, no), family history of OA (yes, no), and history of knee 

injury (yes, no). After calculator users input their demographic and risk factor data, they are 

matched with the corresponding OAPol output, which is used to show them their 

personalized risk of developing OA. Details on the development of the OA Risk Calculator 

(OA Risk C) are published elsewhere (25). The OA Risk C is available at 

oariskc.arthritisrisk.org.

Online platform and screening

We conducted the study using Amazon’s Mechanical Turk, an online crowd-sourcing 

platform (28). Workers on Amazon Mechanical Turk are paid to complete Human 

Intelligence Tasks (HITs), which are small jobs posted by other users. Mechanical Turk is 

often used to identify study participants, as it provides a large number of individuals at a low 

cost. Mechanical Turk workers find HITs by searching through a database that they can sort 

by payment and estimated completion time. Studies examining Mechanical Turk 

demographics have concluded that Mechanical Turk workers more closely represent the US 

population than convenience samples (29), and Mechanical Turk data has test-retest 

reliabilities similar to traditional social science collection methods (30). Mechanical Turk 

participants also have exhibited the same biases as subjects recruited in a university setting 

(31). The Mechanical Turk platform has been frequently used in research including studies 

on behavioral psychology, knowledge of ovarian cancer, perception of sexual risk in older 

adults, and perception of research risks among cocaine users (32–35).

We identified workers on Mechanical Turk with a screening HIT using a survey to exclude 

those who did not meet inclusion criteria (age 25–45, not diagnosed with OA, and US 

resident). To ensure quality data, participants were required to have at least 1000 previously 

completed HITS and an approval rate of 98% from requesters of previous tasks. Workers 

were paid $0.05 for completing the screening HIT. Eligible workers were then given access 

to the main risk calculator study.

Study Design

When eligible participants were given the link to the risk calculator study, they were sent to 

an external site with the main study, a parallel two-arm randomized trial. All subjects filled 

out demographic and risk factor information, completed contemplation ladders, and 

indicated their perceived risk for OA prior to viewing the trial materials. These data provided 

the baseline assessment. Subjects were then randomized to one of the two arms using a 
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variable size block randomization. The control arm viewed general information about OA. 

The materials included a general description of osteoarthritis and its symptoms (knee pain 

and functional limitation) and an explanation that patients with knee OA often undergo total 

knee replacement, which can improve symptoms. The materials also contained information 

on three risk factors for knee OA: obesity, knee injury, and occupational hazards. The 

intervention arm viewed both the general information about OA and used the personalized 

risk calculator.

After using either the control or intervention materials, users were asked again to estimate 

their perceived risk of knee OA and rank their willingness to undergo lifestyle changes using 

contemplation ladders. Study participants in both arms were paid $3.00 upon completion of 

the study.

Contemplation Ladders

Contemplation ladders were developed based on the transtheoretical model of change, in 

which people have varying levels of readiness to change their behaviors. They were 

originally developed and validated for smoking cessation (36–39) and have been since 

validated for substance use disorders (40). Level of willingness to change, as indicated by 

ladder responses, is predictive of behavioral changes for quitting smoking or responsiveness 

to addiction treatment (36,39–41). Contemplation ladders have been modified for a variety 

of activities, such as going to the dentist (42) and decreasing drug use (40,41).

The ten rungs on the ladder correspond to stages of change, with 0 (lowest rung) 

representing pre-contemplation and 10 (highest rung) representing advanced action (39). 

Alternating rungs on the ladder contain a statement anchoring the rung to the appropriate 

stage. For example, on the diet ladder rung 0 says “No thoughts about monitoring my diet” 

and rung 10 says “I am taking action to monitor my diet”. Participants marked the 

appropriate height on contemplation ladders for increasing exercise, monitoring diet, and 

controlling weight.

Outcomes

The primary outcome was the change in reported perception of 10-year and lifetime risk of 

knee OA. The secondary outcome was measured by the percentage of participants who were 

not in an action stage, a score of 8 or higher, at baseline and who reached an action stage 

after the intervention. We compared responses, on average, between the control (general OA 

information) and intervention (personalized risk calculator and general OA information) 

arms.

Statistical Methods

We estimated that a sample of 173 subjects per group would provide 90% power to observe 

an effect size of 0.35 standard deviations or greater in change in risk perception, assuming 

an alpha level of 0.05. We evaluated the success of randomization between the intervention 

and control arm using t-tests for continuous variables and chi-square tests for categorical 

variables. We used t-tests for primary analysis and generalized linear models (implemented 

as Poisson regression in SAS v9.4) to estimate the increases in reaching action stages in 
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intervention compared to control arms across the three contemplation ladders, after adjusting 

for the obesity status and region.

Results

Cohort Characteristics

One thousand participants responded to the screening survey posted on Amazon Mechanical 

Turk. Of these, 591 were eligible for the trial. Three hundred and seventy-seven participants 

were randomized and 375 provided complete data that were used for analysis (Figure 1). 

Screening for the study began on April 20, 2015 and the study finished on May 17, 2015 

after the target number of responses was met.

Study participant characteristics are provided in Table 1. Both the control and intervention 

arms had a mean age of 32 and a mean BMI of 27. Fifty-two percent of both arms were 

male. Eighty percent of the control arm was White, 5% Black, 6% Hispanic, and 9% other. 

In the intervention arm, 77% of the arm was White, 6% Black, 5% Hispanic, and 12% other.

The study sample was geographically diverse. Thirteen percent of the control group was 

from Northeastern states, 19% was from Midwestern states, 37% was from Southern states, 

and 31% was from Western states. Similar geographic distribution was present in the 

intervention group, though a smaller percentage was from the West and a larger percentage 

was from the Northeast.

The two study arms had similar distributions of knee OA risk factors. Seventy percent of the 

control group and 64% of the OA Risk C group reported family history of arthritis, hip or 

knee replacement, or finger nodes. Fifty-one percent of the control group and 44% percent 

of the risk calculator group had a history of occupational exposure to OA risk factors such as 

kneeling, and 20% of both groups had a history of knee injury. Forty-one percent of the 

control group and 36% of the risk calculator group had all three risk factors.

Primary Outcome: Change in Risk Perception

As estimated by the OA Risk C (25), subjects in both arms had on average a 3.6% chance of 

developing symptomatic knee OA in the next 10 years and a 25.3% chance of knee OA 

development in their lifetime.

At the baseline, control subjects had a mean 10-year risk perception of 26.9% (95% CI: 23.2 

– 30.6%) and a mean lifetime risk perception of 48.0% (95% CI: 43.9 – 52.1%). Similarly, 

at the baseline, intervention arm participants had a mean 10-year risk perception of 25.4% 

(95% CI: 22.0 – 28.8%) and a mean lifetime risk perception of 47.6% (95% CI: 43.5 – 

51.7%).

However, after using the risk calculator or viewing general OA information, depending on 

the arm assignment, the perception of OA risk differed. For subjects in the intervention arm 

(who had seen their personal risk by using the OA Risk C), perceived 10-year risk decreased 

by 12.9 percentage points (95% CI: −15.7 – −10.1) to 12.5% (95% CI: 10.0 – 15.0%) and 

perceived lifetime risk decreased by 19.5 percentage points (95% CI: −22.9 – −16.0) to 
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28.1% (95% CI: 25.2 – 31.0%). In contrast, the control arm subjects who viewed the general 

OA information did not report change in their risk perception; perceived 10-year risk 

increased by 0.8 percentage points (95% CI: −1.3 – 2.8) to 27.7% (95% CI: 23.7 – 31.6%) 

and perceived lifetime risk decreased by 0.9 percentage points (95% CI: −3.5 – 1.6) to 

47.1% (95% CI: 42.7 – 51.4%) (Table 2).

Secondary Outcome: Willingness to Change

Willingness to change was measured by the percentage of subjects who were not at an action 

stage prior to the intervention and moved to an action stage, measured by contemplation 

ladder, after the intervention. Subjects in the intervention arm were more likely to reach an 

action stage on the exercise ladder; 26.9% of risk calculator subjects moved into an exercise 

action stage, compared to 13.6% of control subjects (RR = 2.1, 95% CI: 0.9 – 4.7). For 

weight control and diet contemplation ladders, the data did not suggest that the intervention 

increased subjects’ willingness to move to an action stage (RR = 1.0 and 1.3 respectively) 

(Table 3).

Discussion

We have presented results of a randomized controlled trial comparing subjects’ perceptions 

of knee OA risk before and after using a personalized, online knee OA Risk Calculator (OA 

Risk C). We also compared willingness to engage in three behavioral changes, increasing 

exercise, monitoring diet, and controlling weight, that would prevent weight gain, a well-

established risk factor for knee OA. Prior to the intervention, both groups highly 

overestimated their risk of developing knee OA in 10 years and over the course of their 

lifetime. Use of the personalized risk calculator facilitated more accurate perception of knee 

OA risk. Moreover, the subjects who viewed their personalized risk were more likely to 

move to an action stage on a contemplation ladder for increasing exercise. However, there 

was no difference between the arms in the percentage of subjects who moved to an action 

stage for monitoring their diet or controlling their weight.

Providing personalized risk estimates has been shown to increase knowledge and decision 

making for a variety of illnesses (22–24,43). One systematic review of randomized 

controlled trials of personalized risk information in screening procedures found that 

participants who were provided with personal risk information made more informed choices 

about screening compared to control subjects (24). Another study of online risk calculators 

for prediabetes found that in subjects who overestimated their risk, personalized risk 

information reduced their perceptions by 16%. This corresponds to our finding that OA Risk 

C subjects overall decreased their 10 year perception of risk by 13%. However, subjects in 

the prediabetes study on average estimated a lower risk than predicted by the prediabetes 

calculator, and the risk calculator did not improve perceptions of risk for subjects who 

originally underestimated their risk (43). In our study, subjects greatly overestimated their 

risk for knee OA prior to using the OA Risk C, which may indicate a difference in 

perceptions regarding the risk of prediabetes and knee OA.

This study suggests that viewing personalized risk information for knee OA motivates 

subjects to be willing to change their exercise habits. As the risk calculator intervention is 
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brief, implementing further interventions after viewing personalized risk may allow subjects 

to act on this momentum.

The study has several limitations. The risk calculator subjects had more exposure to knee 

OA information, as they received both the educational materials and the calculator estimates. 

This may partially explain their more accurate risk perception and willingness to increase 

exercise after the intervention. The intervention was brief and may not have had a lasting 

impact on the subjects. Due to the cross-sectional nature of our study, our data do not 

indicate whether subjects will act on increased motivation to change behavior nor do our 

data indicate how long subjects’ increased motivation will last. Studies in other diseases 

have found that risk perception interventions have a sustained effect on accurate risk 

perception. In longitudinal studies, improved perception of breast cancer risk has lasted at 

least 6 months (44) and 18 months (45). Future studies should include a longitudinal 

component to address the impact on behavior change over time.

Prior to the intervention, many subjects had willingness to change scores that were already 

in the action stage, so we were only able to measure a change in willingness to change in a 

smaller sample. The population was limited to persons between the ages of 25 and 45, and 

consisted of users of Amazon’s Mechanical Turk, who may have somewhat higher 

educational attainment by virtue of their comfort with the internet-based platform. However, 

studies examining Mechanical Turk demographics have concluded that Mechanical Turk 

workers more closely represent the US population than convenience samples (29).

Another concern about participants recruited on Mechanical Turk is that they are habitual 

survey-takers, which may bias their responses. The data provided by Berinsky et al. showed 

that of the seven studies they posted on Mechanical Turk, only 2% of MT workers 

responded to five or more. Moreover, there was no significant difference in study responses 

between those who responded to many studies and those who did not (29). Our study was 

only posted once and had no other iterations, making it unlikely that users had previously 

taken a similar survey.

Finally, the risk estimates used by the OA Risk C were derived using the OAPol model and 

are informed by published data from multiple sources.

People who viewed personalized estimates of 10-year and lifetime OA risk appear to have a 

more accurate perception of their risk and are more willing to change their exercise habits. 

Accurate risk perception is important, as underestimation of risk can lead to less healthy 

behavior and increased risk-taking due to a false sense of security (16,22,46,47). Conversely, 

overestimation of risk can be associated with a disinclination to modify risky behaviors, as 

the risk is perceived as inevitable (15). Overestimation of risk is also associated with 

increased anxiety and distress (48), and overestimation may increase use of health resources 

unnecessarily (22,49). While it is conceivable that users who overestimated their risk might 

increase risk taking after learning that their risk is lower than expected, the OA Risk C 

allows users to view their risk with or without risk factors. This may discourage additional 

risk-taking behaviors, as users can see what their increase in risk would be if they 

accumulated risk factors.
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This study suggests that the knee OA Risk C may be a successful public health tool both for 

raising awareness of knee OA risk and increasing motivation to change exercise-related 

behaviors that are associated with OA risk. To determine the optimal way to implement the 

OA Risk C, future studies may examine if its effect on motivation changes based on the 

user’s age or other demographic factors. Since most of weight accumulation occurs in early 

middle age (50), the OA Risk C tool could be most helpful for the population between 25 

and 45 years of age. Some risk prevention, especially related to injury prevention, could and 

should also occur earlier in life.

Acknowledgments

Supported by: National Institute of Arthritis and Musculoskeletal and Skin Diseases R01AR064320 and 
K24AR057827 (Losina).

References

1. Deshpande BR, Katz JN, Solomon DH, Yelin EH, Hunter DJ, Messier SP, et al. The number of 
persons with symptomatic knee osteoarthritis in the united states: Impact of race/ethnicity, age, sex, 
and obesity. Arthritis Care Res (Hoboken). 2016

2. Losina E, Weinstein AM, Reichmann WM, Burbine SA, Solomon DH, Daigle ME, et al. Lifetime 
risk and age at diagnosis of symptomatic knee osteoarthritis in the us. Arthritis Care Res (Hoboken). 
2013; 65:703–11. [PubMed: 23203864] 

3. Felson DT, Anderson JJ, Naimark A, Walker AM, Meenan RF. Obesity and knee osteoarthritis. The 
framingham study. Ann Intern Med. 1988; 109:18–24. [PubMed: 3377350] 

4. Blagojevic M, Jinks C, Jeffery A, Jordan KP. Risk factors for onset of osteoarthritis of the knee in 
older adults: A systematic review and meta-analysis. Osteoarthritis Cartilage. 2010; 18:24–33. 
[PubMed: 19751691] 

5. Silverwood V, Blagojevic-Bucknall M, Jinks C, Jordan JL, Protheroe J, Jordan KP. Current evidence 
on risk factors for knee osteoarthritis in older adults: A systematic review and meta-analysis. 
Osteoarthritis Cartilage. 2015; 23:507–15. [PubMed: 25447976] 

6. Zheng H, Chen C. Body mass index and risk of knee osteoarthritis: Systematic review and meta-
analysis of prospective studies. BMJ Open. 2015; 5:e007568.

7. Felson DT, Hannan MT, Naimark A, Berkeley J, Gordon G, Wilson PW, et al. Occupational physical 
demands, knee bending, and knee osteoarthritis: Results from the framingham study. J Rheumatol. 
1991; 18:1587–92. [PubMed: 1765986] 

8. Runhaar J, van Middelkoop M, Reijman M, Willemsen S, Oei EH, Vroegindeweij D, et al. 
Prevention of knee osteoarthritis in overweight females: The first preventive randomized controlled 
trial in osteoarthritis. Am J Med. 2015; 128:888–95 e4. [PubMed: 25818496] 

9. Ratzlaff CR, Liang MH. New developments in osteoarthritis. Prevention of injury-related knee 
osteoarthritis: Opportunities for the primary and secondary prevention of knee osteoarthritis. 
Arthritis Res Ther. 2010; 12:215. [PubMed: 20815918] 

10. Roos EM, Arden NK. Strategies for the prevention of knee osteoarthritis. Nat Rev Rheumatol. 
2016; 12:92–101. [PubMed: 26439406] 

11. Felson DT, Zhang Y, Anthony JM, Naimark A, Anderson JJ. Weight loss reduces the risk for 
symptomatic knee osteoarthritis in women. The framingham study. Ann Intern Med. 1992; 
116:535–9. [PubMed: 1543306] 

12. Gagnier JJ, Morgenstern H, Chess L. Interventions designed to prevent anterior cruciate ligament 
injuries in adolescents and adults: A systematic review and meta-analysis. Am J Sports Med. 2013; 
41:1952–62. [PubMed: 22972854] 

13. Michl GL, Katz JN, Losina E. Risk and risk perception of knee osteoarthritis in the us: A 
population-based study. Osteoarthritis Cartilage. 2015

Losina et al. Page 8

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



14. Masiero M, Lucchiari C, Pravettoni G. Personal fable: Optimistic bias in cigarette smokers. Int J 
High Risk Behav Addict. 2015; 4:e20939. [PubMed: 25883917] 

15. Wachinger G, Renn O, Begg C, Kuhlicke C. The risk perception paradox–implications for 
governance and communication of natural hazards. Risk Anal. 2013; 33:1049–65. [PubMed: 
23278120] 

16. Kim HK, Niederdeppe J. Exploring optimistic bias and the integrative model of behavioral 
prediction in the context of a campus influenza outbreak. J Health Commun. 2013; 18:206–22. 
[PubMed: 23020687] 

17. Harle CA, Downs JS, Padman R. A clustering approach to segmenting users of internet-based risk 
calculators. Methods Inf Med. 2011; 50:244–52. [PubMed: 20300681] 

18. Heikes KE, Eddy DM, Arondekar B, Schlessinger L. Diabetes risk calculator: A simple tool for 
detecting undiagnosed diabetes and pre-diabetes. Diabetes Care. 2008; 31:1040–5. [PubMed: 
18070993] 

19. Levy AG, Sonnad SS, Kurichi JE, Sherman M, Armstrong K. Making sense of cancer risk 
calculators on the web. J Gen Intern Med. 2008; 23:229–35. [PubMed: 18188653] 

20. Nobel L, Mayo NE, Hanley J, Nadeau L, Daskalopoulou SS. Myrisk_stroke calculator: A 
personalized stroke risk assessment tool for the general population. J Clin Neurol. 2014; 10:1–9. 
[PubMed: 24465256] 

21. Sheridan S, Pignone M, Mulrow C. Framingham-based tools to calculate the global risk of 
coronary heart disease: A systematic review of tools for clinicians. J Gen Intern Med. 2003; 
18:1039–52. [PubMed: 14687264] 

22. Emmons KM, Wong M, Puleo E, Weinstein N, Fletcher R, Colditz G. Tailored computer-based 
cancer risk communication: Correcting colorectal cancer risk perception. J Health Commun. 2004; 
9:127–41. [PubMed: 15204824] 

23. Asimakopoulou K, Newton JT, Daly B, Kutzer Y, Ide M. The effects of providing periodontal 
disease risk information on psychological outcomes - a randomized controlled trial. J Clin 
Periodontol. 2015; 42:350–5. [PubMed: 25682859] 

24. Edwards AG, Naik G, Ahmed H, Elwyn GJ, Pickles T, Hood K, et al. Personalised risk 
communication for informed decision making about taking screening tests. Cochrane Database 
Syst Rev. 2013; 2:CD001865.

25. Losina E, Klara K, Michl GL, Collins JE, Katz JN. Development and feasibility of a personalized, 
interactive risk calculator for knee osteoarthritis. BMC Musculoskelet Disord. 2015; 16:312. 
[PubMed: 26494421] 

26. Losina E, Paltiel AD, Weinstein AM, Yelin E, Hunter DJ, Chen SP, et al. Lifetime medical costs of 
knee osteoarthritis management in the united states: Impact of extending indications for total knee 
arthroplasty. Arthritis Care Res (Hoboken). 2015; 67:203–15. [PubMed: 25048053] 

27. Zhang W, McWilliams DF, Ingham SL, Doherty SA, Muthuri S, Muir KR, et al. Nottingham knee 
osteoarthritis risk prediction models. Ann Rheum Dis. 2011; 70:1599–604. [PubMed: 21613308] 

28. Amazon mechanical turk. 2015. https://www.mturk.com/mturk/welcome. Accessed September 16, 
2015

29. Berinsky AJ, Huber GA, Lenz GS. Evaluating online labor markets for experimental research: 
Amazon.com’s mechanical turk. Political Analysis. 2012; 20:351–68.

30. Buhrmester M, Kwang T, Gosling SD. Amazon’s mechanical turk: A new source of inexpensive, 
yet high-quality, data? Perspect Psychol Sci. 2011; 6:3–5. [PubMed: 26162106] 

31. Paolacci G, Chandler J, Ipeirotis PG. Running experiments on amazon mechanical turk. Judgement 
and Decision Making. 2010; 5

32. Mason W, Suri S. Conducting behavioral research on amazon’s mechanical turk. Behav Res 
Methods. 2012; 44:1–23. [PubMed: 21717266] 

33. Carter RR, DiFeo A, Bogie K, Zhang GQ, Sun J. Crowdsourcing awareness: Exploration of the 
ovarian cancer knowledge gap through amazon mechanical turk. PLoS One. 2014; 9:e85508. 
[PubMed: 24465580] 

34. Syme ML, Cohn TJ, Barnack-Tavlaris J. A comparison of actual and perceived sexual risk among 
older adults. J Sex Res. 2016:1–12.

Losina et al. Page 9

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.mturk.com/mturk/welcome


35. Strickland JC, Stoops WW. Perceptions of research risk and undue influence: Implications for 
ethics of research conducted with cocaine users. Drug Alcohol Depend. 2015; 156:304–10. 
[PubMed: 26460141] 

36. Stephens S, Cellucci T, Gregory J. Comparing stage of change measures in adolescent smokers. 
Addict Behav. 2004; 29:759–64. [PubMed: 15135558] 

37. Rustin TA, Tate JC. Measuring the stages of change in cigarette smokers. J Subst Abuse Treat. 
1993; 10:209–20. [PubMed: 8389898] 

38. Amodei N, Lamb RJ. Convergent and concurrent validity of the contemplation ladder and urica 
scales. Drug Alcohol Depend. 2004; 73:301–6. [PubMed: 15036552] 

39. Biener L, Abrams DB. The contemplation ladder: Validation of a measure of readiness to consider 
smoking cessation. Health Psychol. 1991; 10:360–5. [PubMed: 1935872] 

40. Hogue A, Dauber S, Morgenstern J. Validation of a contemplation ladder in an adult substance use 
disorder sample. Psychol Addict Behav. 2010; 24:137–44. [PubMed: 20307121] 

41. Slavet JD, Stein LA, Colby SM, Barnett NP, Monti PM, Golembeske C Jr, et al. The marijuana 
ladder: Measuring motivation to change marijuana use in incarcerated adolescents. Drug Alcohol 
Depend. 2006; 83:42–8. [PubMed: 16289930] 

42. Coolidge T, Skaret E, Heima M, Johnson EK, Hillstead MB, Farjo N, et al. Thinking about going 
to the dentist: A contemplation ladder to assess dentally-avoidant individuals’ readiness to go to a 
dentist. BMC Oral Health. 2011; 11:4. [PubMed: 21272356] 

43. Harle CA, Downs JS, Padman R. Effectiveness of personalized and interactive health risk 
calculators: A randomized trial. Med Decis Making. 2012; 32:594–605. [PubMed: 22247421] 

44. Matloff ET, Moyer A, Shannon KM, Niendorf KB, Col NF. Healthy women with a family history 
of breast cancer: Impact of a tailored genetic counseling intervention on risk perception, 
knowledge, and menopausal therapy decision making. J Womens Health (Larchmt). 2006; 15:843–
56. [PubMed: 16999640] 

45. Quillin JM, McClish DK, Jones RM, Wilson DB, Tracy KA, Bowen D, et al. Duration of an 
intervention’s impact on perceived breast cancer risk. Health Educ Behav. 2008; 35:855–65. 
[PubMed: 19011219] 

46. Strecher VJ, Kreuter MW, Kobrin SC. Do cigarette smokers have unrealistic perceptions of their 
heart attack, cancer, and stroke risks? J Behav Med. 1995; 18:45–54. [PubMed: 7595951] 

47. Weinstein ND, Marcus SE, Moser RP. Smokers’ unrealistic optimism about their risk. Tob Control. 
2005; 14:55–9. [PubMed: 15735301] 

48. van Dooren S, Rijnsburger AJ, Seynaeve C, Duivenvoorden HJ, Essink-Bot ML, Tilanus-Linthorst 
MM, et al. Psychological distress in women at increased risk for breast cancer: The role of risk 
perception. Eur J Cancer. 2004; 40:2056–63. [PubMed: 15341979] 

49. Kreuter MW, Strecher VJ. Changing inaccurate perceptions of health risk: Results from a 
randomized trial. Health Psychol. 1995; 14:56–63. [PubMed: 7737074] 

50. Williamson DF, Kahn HS, Remington PL, Anda RF. The 10-year incidence of overweight and 
major weight gain in us adults. Arch Intern Med. 1990; 150:665–72. [PubMed: 2310286] 

Losina et al. Page 10

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Significance and Innovations

• The knee osteoarthritis risk calculator (OA Risk C) is an effective educational 

tool for improving accuracy of 10-year and lifetime perception of knee OA 

risk

• The OA Risk C increases willingness to change exercise behaviors
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Figure 1. 
Consort flow diagram of study participants
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Table 1

Study participant characteristics

Control Risk Calculator Overall

Age 32 (5) 32 (5) 32 (5)

BMI 27 (6) 27 (6) 27(6)

Obesity Group

 Normal weight (BMI<25) 80 (44%) 84 (44%) 164 (44%)

 Overweight: BMI 25–29.9 57 (31%) 58 (30%) 115 (31%)

 Obese: BMI ≥ 30 46 (25%) 50 (26%) 96 (26%)

Race/Ethnicity

 White 147 (80%) 148 (77%) 295 (79%)

 Black 9 (5%) 11 (6%) 20 (5%)

 Hispanic 10 (6%) 10 (5%) 20 (5%)

 Other 17 (9%) 23 (12%) 40 (11%)

Education

 Some High School or High School Degree 19 (10%) 20 (10%) 39 (10%)

 2 Year College Degree or Some 4 Year College 59 (32%) 66 (34%) 125 (33%)

 Bachelor’s Degree or higher 105 (57%) 106 (55%) 211 (56%)

Region

 1 (Northeast) 24 (13%) 39 (20%) 63 (17%)

 2 (Midwest) 34 (19%) 34 (18%) 68 (18%)

 3 (South) 68 (37%) 76 (40%) 144 (38%)

 4 (West) 57 (31%) 43 (22%) 100 (27%)

Risk Factors

 Family History 128 (70%) 122 (64%) 250 (67%)

 Occupational Exposure 94 (51%) 85 (44%) 179 (48%)

 Injury 37 (20%) 39 (20%) 76 (20%)

Number of Risk Factors

 0 18 (10%) 16 (8%) 34 (9%)

 1 38 (21%) 53 (28%) 91 (24%)

 2 52 (28%) 54 (28%) 106 (28%)

 3 75 (41%) 69 (36%) 144 (38%)
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Table 2

Efficacy of the online, personalized OA risk calculator (OA Risk C) in changing OA risk perception

Risk Perception Control Risk Calculator Difference*

10 Year Risk

Before 26.9 (23.2 – 30.6) 25.4 (22.0 – 28.8)

After 27.7 (23.7 – 31.6) 12.5 (10.0 – 15.0)

Change 0.8 (−1.3 – 2.8) −12.9 (−15.7 – −10.1) 13.8 (10.3 – 17.3)

Lifetime Risk

Before 48.0 (43.9 – 52.1) 47.6 (43.5 – 51.7)

After 47.1 (42.7 – 51.4) 28.1 (25.2 – 31.0)

Change −0.9 (−3.5 – 1.6) −19.5 (−22.9 – −16.0) 18.6 (14.2 – 22.9)

*
Adjusted for region
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Table 3

Efficacy of the online, personalized OA risk calculator (OA Risk C) in increasing willingness to engage in 

behaviors preventing accumulation of knee OA risk factors

Percent Moving to Action Stage Relative Risk*

Control OA Risk C

Weight Management

Contemplation Ladder
N=155

17.7% 17.1% 1.0 (0.5–2.2)

Diet Contemplation Ladder
N=150 23.7% 29.7% 1.3 (0.7–2.5)

Exercise Contemplation Ladder
N=133 13.6% 26.9% 2.1 (0.9–4.7)

*
Adjusted for region and obesity
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