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Abstract

This comparative effectiveness trial compared the longer-term effectiveness (12 and 18 months) of 

the standard Fit & Strong! physical activity program to Fit & Strong! Plus, which combined 

physical activity and dietary weight loss. Outcomes were weight, diet quality, physical activity, 

osteoarthritis symptoms, performance measures, and anxiety/depression. In this study, 413 

overweight/obese participants with OA, ≥60 years old and primarily African American, were 

randomly assigned to Fit & Strong! (F&S!) or Fit & Strong! Plus (F&S! Plus), with outcomes 

assessed at 2, 6, 12, and 18 months. 356 (86%) participants completed the 18-month visit. 

Compared with participants randomized to standard F&S!, F&S! Plus participants maintained 

longer-term benefits at 12 months in weight (mean change ± SE: −1.7 ± 0.3 kg for F&S! Plus vs 
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−0.9 ± 0.3 kg for F&S!, p = 0.049), BMI (−0.6 ± 0.1 vs −0.3 ± 0.1 kg/m2, p = 0.04), waist 

circumference (−2.7 ± 0.6 vs −0.4 ± 0.6 cm, p = 0.004), and lower extremity strength (1.6 ± 0.2 vs 

1.0 ± 0.2 chair stands, p = 0.046). At 18 months, F&S! Plus participants showed improved lower 

extremity strength (1.4 ± 0.2 vs. 0.7 ± 0.2 chair stands, p = 0.045. African American older adults 

in the F&S! Plus arm showed sustained modest improvements in weight, waist circumference, and 

lower extremity strength at 12 months and in lower extremity strength at 18 months compared to 

F&S!. Implications for the translation of evidence-based programs into community settings to 

support healthy behaviors in older adults are discussed.
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1. Introduction

The prevalence of obesity has more than doubled over the past several decades. (Hales et al., 

2018; Fryar et al., 2018) This has led to significant growth in obesity-related chronic 

diseases, including osteoarthritis (OA) (Safiri et al., 2020). OA affects approximately 32.5 

million individuals in the US (Vaughn et al., 2019). Lower extremity (LE) OA, in particular, 

is predicted to grow due to an aging population, but also a population that is increasingly 

overweight /obese (Cross et al., 2014). The prevalence of OA varies by racial/ethnic groups, 

with African American women having a slightly higher prevalence (23%) than non-Hispanic 

white women (22%) (Jordan et al., 2009) African American women, however, do report 

higher rates of functional limitations (Jordan et al., 2009; Walker et al., 2016; Jordan, 2015), 

as well as twice the rate of disability compared to non-Hispanic white women (Dunlop et al., 

2002). This could be related to the fact that older African American women also have the 

highest rate of obesity compared to non-Hispanic white women (57.5% vs. 38.2%) 

(Deshpande et al., 2016).

Obese individuals with OA are usually advised to lose weight. (Deshpande et al., 2016; 

Zhang et al., 2008; March et al., 2010) The benefits of weight loss among individuals with 

OA have been examined, including a systematic review concluding that a > 5% reduction in 

body weight has a clinically meaningful effect on OA symptoms, including pain and 

disability (Christensen et al., 2007). Several randomized controlled trials (RCTs) have tested 

the combined effect of modest weight loss with physical activity (PA). However, these 

interventions have been conducted primarily under highly controlled conditions, have not 

included a high percentage of African American participants, and have not yet shown long-

term improvements in community settings or shown the potential for greater public health 

impact (Messier et al., 2004; Messier et al., 2013a). These efficacy trials highlight the need 

to assess the long-term outcomes of evidence-based programs that combine PA and weight 

management for older adults with OA. To our knowledge, no studies have tested the 

combined effect of weight loss with PA, compared to PA alone, among a high-risk group of 

overweight/obese African Americans who are disproportionately affected by OA compared 

to other racial/ethnic groups (Bolen et al., 2010).
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Therefore, we conducted a comparative effectiveness trial by adding a dietary weight loss 

component to standard Fit & Strong! (F&S!). Standard F&S! focused on OA symptom 

management through physical activity but does not incorporate any dietary weight-loss 

strategies. This study was meant to test whether the addition of a dietary weight loss 

component was superior or caused any adverse effects (Lie et al., 2017).

We previously reported that F&S! Plus at both post-intervention (2 months) and follow-up (6 

months) was more effective than standard F&S! in producing modest weight loss and body 

composition changes, as well as clinically meaningful improvements in LE pain, physical 

function, and mobility (Fitzgibbon et al., 2018; Hughes et al., 2018; Smith-Ray et al., 2014). 

However, the challenge of weight loss maintenance and the question as to whether sustained 

weight loss can influence OA pain, function, and mobility is critical in understanding the 

two linked conditions of obesity and OA. This paper reports overall results from the 

completed study, focusing on the final 12 and 18-month follow-up visits.

The primary hypothesis was that Fit &Strong! Plus (F&S! Plus) would produce statistically 

significant positive dietary changes compared to F&S! at 2 months, accompanied by a 5% 

weight loss at 6 months that would be maintained at 12 and 18 months. The secondary 

hypotheses were that physical activity and OA symptoms would be significantly improved 

compared to F&S! at 2 months and maintained at 12 and 18 months. Given that obesity is a 

known risk factor for both the incidence and progression of OA (19,20), this comparative 

effectiveness trial, if successful, could point to strategies for improved management of OA 

(Roos and Arden, 2016).

1.1. Design and methods

The trial design is described in detail elsewhere (Fitzgibbon et al., 2018; Hughes et al., 2018; 

Smith-Ray et al., 2014). Briefly, we employed a randomized comparative effectiveness 

design to test whether F &S! Plus produces significantly greater improvements in weight 

loss, waist circumference, diet quality, PA, OA pain, physical function, mobility, LE 

strength, and anxiety/depression. The study was approved by the Institutional Review Board 

at the University of Illinois at Chicago (#2012–0277), and all participants provided written 

informed consent.

1.1.1. Setting—Both F&S! and F&S! Plus were conducted at 10 unique local community 

settings such as churches and community park districts that regularly deliver programming 

to older and primarily African American adults.

1.1.2. Recruitment—Study staff made initial contacts and presentations at local 

community churches and community park districts that served African American 

communities in an effort to advertise the program. Participants were also recruited through 

advertisements at the intervention sites and in the surrounding neighborhood, recruitment 

presentations to local groups that offer programming in primarily minority neighborhoods, 

and email messages sent by the Arthritis Foundation. Potential participants were screened 

over the phone, and if they were eligible, they were scheduled for an in-person assessment.
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1.1.3. Participants—Study participants were randomly assigned to either F&S! (n = 

210) or F&S! Plus (n = 203) using the Research Electronic Data Capture (REDCap) 

randomization module (Harris et al., 2009). Randomization was stratified by iteration, 

WOMAC physical function score (0–19 vs. 20–68) and BMI (< 35 vs. ≥35 kg/m2). Data 

were collected at baseline, post-intervention (2 months), and at 6, 12, and 18 months. 

Participants who missed a visit were encouraged to complete later visits, as long as they had 

not formally withdrawn from the study.

1.1.4. Inclusion criteria—The study definition of LE OA was based on self-reported 

pain or stiffness: pain in or around one or both knees or hips on most days in the past month 

and/or pain or stiffness in or around hips, knees ankles, feet or lower back on most days of at 

least 1 month during the last 6 months. Eligible participants were 60 or older and had a BMI 

of 25–50 kg/m2.

1.1.5. Exclusion criteria—Participants were excluded if they were unable to attend 

class sessions at the scheduled time and location, engaged in ≥150 min/week of aerobic 

activity, had three or more errors on the Mental Status Questionnaire (MSQ), had 

uncomplicated hip or knee surgery within the previous six months, surgery with 

complications within the past year, or plans for hip or knee surgery within the next year, 

steroid injections in either knee or hip within the previous three months, rheumatoid 

arthritis, uncontrolled diabetes, or health conditions that might interfere with exercise. 

Participants who identified one or more potential contraindications to exercise on the 

Exercise and Screening for You (EASY) screener were required to obtain a physician’s 

approval before participating (Smith-Ray et al., 2014).

1.1.6. Interventions—Both F&S! and F&S! Plus were grounded in the Social Cognitive 

Theory (SCT), which aids in the development of self-regulatory skills (Bandura, 1989). The 

interventions were both 90 min in length and were both conducted three times per week for 

eight weeks, for a total of 24 sessions. The initial 60 min of both interventions consist of 

stretching, low-impact aerobics, and strength training, with a primary focus on the lower 

extremities. Following each 60-min PA session, the F &S! group participated in a 30-min 

health education session that included topics such as using PA to manage OA symptoms and 

exercising safely with OA.

The curriculum for F&S! Plus retained the core physical activity and OA material included 

in standard F&S!. Sixteen weight and diet-related topics were added to F&S! Plus, with 

weight loss and diet quality concepts included in 22 of the 24 sessions. The diet quality 

information followed the Group Lifestyle Balance curriculum, adapted from the Diabetes 

Prevention Program and the 2010–2015 Dietary Guidelines for Americans (Dietary 

Guidelines for Americans, 2010) and USDA My-Plate eating plan (Choose My Plate, n.d.). 

Content was designed to produce 5% weight loss at 6 months and improve diet quality. 

Together, the curriculum, homework, and weekly weight checks were designed to enhance 

social support (e.g., group problem solving) and self-regulation (e.g., goal setting, planning, 

self-monitoring) to build self-efficacy for weight loss and improve overall diet quality. The 

boosters sought to help participants continue to adhere to their dietary and physical activity 

goals.
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1.1.7. Maintenance boosters—Maintenance of behavior was reinforced in months 3–

18 in both groups through telephone reinforcement sessions in months 4, 8, and 15. The 

health educators who conducted these sessions were trained in motivational interviewing 

techniques, and separate educators were assigned to F&S! and F&S! Plus.

1.2. Measures

1.2.1. Primary outcomes

1.2.1.1. Anthropometrics.: Height was measured using a portable stadiometer (Seca, 

United Kingdom), and weight was measured using a calibrated digital scale (Tanita 

Worldwide). Body mass index (BMI) was calculated as weight (kg) divided by height (m) 

squared. To assess waist circumference, a Gulick 150-cm anthropometric tape (Country 

Technology, Inc.; Gays Mills, WI, USA) was used.

1.2.1.2. Dietary intake.: Dietary intake was measured using the 110-item Block Food 

Frequency Questionnaire (FFQ) created by NutritionQuest (Berkeley, CA). Completed FFQs 

were sent to NutritionQuest for scoring. The scoring algorithm included calculation of the 

Healthy Eating Index (HEI) 2010, a measure of overall diet quality based on adherence to 

the 2010 Dietary Guidelines for Americans (Guenther et al., 2013; HEI-2010 Total and 
Component Scores for Children, Adults, and Older Adults during 2011–2012. [Internet], 

2012). A higher HEI score indicates higher diet quality.

1.2.2. Secondary outcomes

1.2.2.1. Physical activity.: PA was measured using the Physical Activity Scale for the 

Elderly (Washburn et al., 1999). The PASE has been used in other studies of older adults 

with OA, including the Osteoarthritis Initiative (Dunlop et al., 2011) and the Multicenter 

Osteoarthritis Study (Segal et al., 2013). A higher score indicates more PA.

1.2.2.2. OA symptomatology.: OA symptoms were measured using the Western Ontario 

and McMaster Universities Arthritis Index (WOMAC). The WOMAC is a self-report 

instrument that has been well-validated and used widely with individuals with OA (Bellamy 

et al., 1988). Participants are asked to rate their pain (5 items), physical function (17 items) 

and stiffness (2 items) on a Likert scale ranging from 0 (none) to four (extreme) (Bellamy et 

al., 1988). Higher scores indicate more severe OA symptoms. For both pain and function, a 

20% decrease is considered clinically important (Dougados et al., 2000).

1.2.2.3. Performance measures.: Functional LE strength was measured using the 30-s 

Chair Stand (Jones et al., 1999). This test measures the number of full stands from a seated 

position a participant can complete in 30 s with arms folded across the chest (Jones et al., 

1999). Mobility was assessed using the 6-Minute Walk Test (Guyatt et al., 1985; Naylor et 

al., 2014), which is a self-paced timed test of the total distance a person can walk in six 

minutes. For both measures, a higher score reflects better performance.

1.2.2.4. Depression and anxiety.: These outcomes were measured with the GERI-AIMS, 

a version of the Arthritis Impact Measurement Scale, which was adapted for an older adult 

population (Hughes et al., 1991). Three items measure anxiety and three measure 
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depression. The items are summed to create a 0–10 scale, with higher scores reflecting 

increased anxiety/depression.

1.3. Statistical analysis

We used chi-square tests for group differences in retention and in the percentage of 

participants who lost ≥5% of baseline weight or whose OA pain or function improved by 

≥20%. To test for differences between participants with and without 18-month data, we used 

t-tests and chi-square tests, plus a logistic regression model including demographics, 

intervention group, and baseline BMI, HEI-2010, and WOMAC function as covariates. To 

test for group differences in completion of telephone reinforcement, we used chi-square tests 

for the individual sessions and a Wilcoxon rank sum test for a difference in number of 

sessions completed.

To test the effects of the interventions on primary and secondary outcome measures, we used 

repeated-measures linear models in SAS PROC MIXED with a fully specified (unstructured) 

covariance matrix and the baseline value included in the outcome vector (Mallinckrod et al., 

2008). All models included intervention group, visit as a set of indicator variables with 

baseline as the reference group, and a group*visit interaction term. Stratification variables 

were included as covariates. If the baseline or a closely related value was included in the 

outcome vector (the weight, BMI, and WOMAC physical function models), that covariate 

was omitted from the model. For HEI-2010 outcomes, records with implausible values for 

energy (< 500 or > 5000 kcal) were excluded. The models for weight and BMI were also run 

for African American women separately for comparison with other trials (N = 328).

Within the repeated-measures models, we estimated adjusted means for each group at each 

visit and tested for within-group and between-group change at each visit using SAS 

LSMESTIMATE statements (see Table 2). To estimate the adjusted percentage change at 

each visit, we divided the estimated change by the adjusted baseline mean and multiplied by 

100.

Our planned sample size of 400 was selected to allow us to detect an effect size of 0.2 (based 

on a 5% endpoint difference in mean weight between groups) with power > 0.9, assuming 

5% attrition at each visit and a cross-time correlation for weight of 0.9 (Smith-Ray et al., 

2014).

A repeated-measures analysis using restricted maximum likelihood and unstructured 

covariance has been found to give unbiased estimates in cases with missing data, as long as 

the data are missing at random (Mallinckrod et al., 2008). Therefore, the analysis described 

above is an intention-to-treat analysis.

All statistical analyses were performed using SAS v9.4 (SAS Institute, Cary, NC).

2. Results

As shown in Fig. 1, 1379 potential participants were screened in order to randomize 413 

participants, 210 to standard F&S! and 203 to F &S! Plus. Baseline demographics are shown 
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in Table 1. The mean age for the entire sample was 67.9 years (SD = 5.9 years). Most of the 

participants were female (86%) and African American (92%).

Of the 413 randomized participants, 383 (93%) completed the 2-month visit; 348 (84%) 

completed the 6-month visit; 325 (79%) completed the 12-month visit, and 356 (86%) 

completed the 18-month visit. There were no significant differences in retention between 

groups. The 57 participants who did not have 18-month data were older than those who did 

(mean = 69.6 vs. 67.7 yr, p = 0.02), but there were no other significant differences in sex, 

race, education, employment, marital status, income, or baseline BMI, HEI-2010, or 

WOMAC function. Similarly, age was the only significant predictor in a multiple logistic 

regression model of missing 18-month data (b = 0.07, p = 0.005).

F&S! Plus participants completed slightly fewer of the three maintenance booster sessions 

than F&S! participants: mean (SD) = 1.9 (1.0) vs. 2.0 (1.0), p = 0.04. This was largely due to 

a difference in completion of the 4-month booster session: 63.5% for F&S! Plus vs. 76.7% 

for F&S!, p = 0.004. Both groups were equally likely to complete the other maintenance 

sessions: 64.0% vs. 65.2%, p = 0.80 at 8 months and 58.6% vs. 62.9%, p = 0.38 at 15 

months. Most participants completed at least one booster session: 89.7% for F&S! Plus and 

91.0% for F &S!.

Table 2 shows adjusted mean change from baseline to 2, 6, 12, and 18 months for all 

outcome variables.

2.1. Primary outcomes

2.1.1. Body weight—The group*visit interaction term was significant for weight (p < 

0.0001), indicating an overall difference in weight between groups across all visits. Results 

through 6 months have been described elsewhere (Hughes et al., 2018). Briefly, F&S! Plus 

participants lost 2.0 kg (SE = 0.2), or 2.1% of body weight on average during the 

intervention, compared to 0.5 ± 0.2 kg in F&S!, p < 0.0001. Weight loss was maintained at 6 

months: 2.0 ± 0.3 vs 0.8 ± 0.3 kg, p = 0.0009. Results were similar when the analysis was 

restricted to African-American women; at 6 months, weight loss was 2.1 ± 0.3 (2.2%) vs. 

1.0 ± 0.3 kg (1.1%), p = 0.009. At 12 months, there was still a significant difference in 

weight loss between groups, but the difference had narrowed: 1.7 ± 0.3 kg vs. 0.9 ± 0.3 kg, p 

= 0.049. By 18 months, we no longer observed a significant difference between groups, 

either in the sample as a whole or among African American women.

Among participants with weight measured at 2 months, 14% (27/191) of F&S! Plus 

participants had lost ≥5% of baseline weight, compared to 4% (7/191) in F&S!, p = 0.0003. 

At 6 months, the percentage of F&S! Plus participants with ≥5% weight loss had increased 

to 25% (43/175), compared to 9% (15/171) in F&S!, p < 0.0001. There was still a significant 

difference between groups at 12 months: 21% (33/154) vs 12% (21/168), p = 0.03, but not at 

18 months: 23% (40/174) vs 17% (30/181), p = 0.13.

Results for BMI and waist circumference were similar, with a significant group*visit 

interaction and significant differences in change between groups at 2, 6, and 12 months, but 

not at 18 months.
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2.1.2. Diet quality—The overall group*visit interaction was significant (p = 0.004). 

From baseline to 2 months, diet quality improved significantly more in the F&S! Plus group: 

4.7 ± 0.7 for F&S! Plus vs. 2.1 ± 0.7 for F&S!, p = 0.005. However, we saw no significant 

differences between groups at 6, 12, or 18 months.

2.2. Secondary outcomes

2.2.1. Physical activity (PA)—PASE scores showed greater improvement in the F&S! 

Plus group from baseline to post-intervention: 29.1 ± 4.8 vs. 14.1 ± 4.7, p = 0.03. However, 

there were no significant differences between groups at 6, 12, or 18 months, and the overall 

group*visit interaction was not significant (p = 0.23).

2.2.2. Osteoarthritis symptomatology—Participants’ unadjusted mean baseline 

score was 5.6 (SE = 0.2) on the pain subscale, 18.0 ± 0.6 for physical function, and 3.2 ± 0.1 

for stiffness, indicating a moderate degree of OA-related symptoms. The group*visit 

interaction was significant for pain (p = 0.004), function (p = 0.004), and stiffness (p = 

0.049). Self-reported pain showed significantly greater improvement at 2 and 6 months in 

the F&S! Plus group: −1.4 ± 0.2 vs −0.5 ± 0.2, p = 0.01 at 2 months and −1.5 ± 0.3 vs −0.6 

± 0.3, p = 0.03 at 6 months. There was no longer a significant difference between groups at 

12 or 18 months. Physical function scores showed a similar pattern, with significant 

differences between groups at 2- and 6-months favoring F&S! Plus. There was no longer a 

significant difference between groups at 12 or 18 months. For stiffness, there was not a 

significant difference between groups at any individual visit.

Post-intervention, 55% (106/191) of F&S! Plus participants and 43% (83/192) of F&S! 

reported a clinically important improvement in pain of ≥20% (p = 0.02 for difference 

between groups), and results were similar at 6 months. There was no significant difference 

between groups at 12 or 18 months; at 18 months, clinically important improvement was 

47% (82/174) for F&S! Plus and 46% (83/182) for F& S!, p = 0.77. For physical function, 

clinically important improvement was similar in both groups at 2 months: 53% (101/191) for 

F&S! Plus participants and 48% (91/191) for F&S!, p = 0.31. At 6 months, there was a 

significant difference between groups: 57% (99/174) for F&S! Plus and 40% (70/173) for 

F&S!, p = 0.002. As with pain, there was no longer a significant difference between groups 

at 12 or 18 months: 49% (86/174) for F&S! Plus and 46% (84/182) for F&S!, p = 0.54 at 18 

months.

2.2.3. Performance measures—The overall group*visit interaction was significant for 

mobility (p = 0.0005). At both 2 and 6 months, there was significantly greater improvement 

in the F&S! Plus group than in F&S!: mean change in six-minute walk distance was 50.5 ± 

4.4 m vs. 22.9 ± 4.4 m, p < 0.0001 at 2 months and 29.3 ± 5.1 m vs. 13.3 ± 5.2 m at 6 

months, p = 0.03. There was no longer a significant difference between groups at 12 and 18 

months.

The pattern was different for LE strength. The overall interaction term was not statistically 

significant (p = 0.26), and there was no significant difference between groups at 2 or 6 

months. However, at 12 and 18 months, the F&S! Plus group showed a somewhat higher 

Fitzgibbon et al. Page 8

Prev Med. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



change from baseline than F&S: 1.6 ± 0.2 vs 1.0 ± 0.2, p = 0.046 at 12 months and 1.4 ± 0.2 

vs 0.7 ± 0.2, p = 0.045 at 18 months.

2.2.4. Anxiety/depression—There was not a significant difference between groups 

overall (p = 0.26) or at any visit.

3. Discussion

African-American women experience higher rates of functional limitations and disabilities 

from OA compared to other subgroups, but to our knowledge, no other comparative 

effectiveness trials have addressed the longer-term impact of a combined theory-driven 

behavioral PA/weight loss intervention among older overweight/obese African American 

women with OA in community settings (Fitzgibbon et al., 2018; Hughes et al., 2018; Smith-

Ray et al., 2014).

3.1. Primary outcomes

We hypothesized that weight loss in the F&S! Plus group would reach 5% at 6 months, but 

the actual mean weight loss was 2.2% for both the sample as a whole and for the African 

American women, with similar modest effects on waist circumference. However, 25% of 

F&S! Plus participants did lose ≥5% of their baseline weight at 6 months, compared to 9% 

of F&S! participants (p < 0.0001). At 18 months, there was no longer a significant difference 

between groups, but 23% of F&S! Plus participants continued to maintain weight loss ≥5%, 

compared to 17% of F&S! participants (p = 0.13).

Although the weight loss was less than initially hypothesized, weight change between F&S! 

Plus and F&S! at 12 months remained significant, with losses of 1.8% and 1.0%, 

respectively. Our weight loss results are smaller than those reported by other trials such as 

the IDEA trial (Messier et al., 2013b) or Lifestyle Intervention Trial in Obese Elderly 

(LITOE) (Villareal et al., 2017). However, these trials were not only longer, but far more 

intensive, and delivered by trained dietitians, using meal replacements to enhance weight 

loss. Also, neither trial focused on African American women, who traditionally lose less 

weight in weight loss trials than non-Hispanic whites (West et al., 2008). Several 

possibilities have been put forth for why African American women lose less weight in 

traditional weight loss programs. They include: socioeconomic status (Harvey and Hill, 

2004; Constantine et al., 2002), less availability of and access to high-quality food (Zenk et 

al., 2005; Powell et al., 2007), reduced access to PA resources (Gordon-Larsen et al., 2006; 

Ainsworth et al., 2003), neighborhood safety (Wilcox et al., 2003), and stress and 

discrimination (Wilcox et al., 2003).

We did not see longer-term differences between groups on our measure of diet quality, HEI 

2010 (HEI-2010 Total and Component Scores for Children, Adults, and Older Adults during 
2011–2012. [Internet], 2012) after our 2-month assessment (Fitzgibbon et al., 2018; Hughes 

et al., 2018; Smith-Ray et al., 2014). We speculate that the short duration of the intervention 

(8 weeks) did not allow participants to thoroughly build the skills necessary to maintain 

dietary changes. Additionally, our health educators were trained to deliver the nutrition 

curriculum but were not trained diet professionals. Their use in this effort increases the 
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ability to translate this type of intervention more broadly to other community settings but 

may reduce the likelihood of longer-term behavior change.

3.2. Secondary outcomes

Self-reported physical activity on the PASE showed significant differences favoring F&S! 

Plus only at 2 months (post-intervention. Even at post-intervention, when the self-reported 

PA was highest (128.7 ± 4.9), it was somewhat lower than the score reported in another 

study of healthy community-dwelling older adults (M = 131.4) (Washburn et al., 1999). This 

consistent with other data showing disparities in ability to meet PA guidelines, with African-

Americans being the least likely (43.4%) to meet PA guidelines compared to non-Hispanic 

whites who were most likely (51.2%) (Mama et al., 2015; Matthews et al., 2008). Women 

are also less likely to meet guidelines than men (CDC, 2014).

Among overweight/obese African-American older adults following an 8-week (2 month) 

intervention and at 6, 12, and 18-month follow-up visits, participants in F&S! Plus showed 

modest but positive changes in weight (12 months) BMI (12 months), waist circumference 

(12 months), and LE strength (12 and 18 months), compared to F&S!, which addressed PA 

alone. The findings of this randomized comparative effectiveness trial provide support for 

the addition of a weight management component to an evidence-based PA intervention to 

reduce OA symptomatology. Given that African Americans report higher average levels of 

pain and disability related to OA (Allen et al., 2009) and that obesity has been linked to 

worse self-reported WOMAC scores, providers should be cognizant of non-pharmacologic 

strategies that can be delivered in “real world” settings in order to provide sustained benefits 

to high-risk populations with OA.

3.3. Limitations and strengths

The results of the current study are limited to overweight/obese older adults and to a 

primarily female and African American population. We also used self-reported LE pain and 

stiffness to define the presence of OA and self-reported PA and dietary intake. We did not 

measure pro-inflammatory cytokines, including IL-6 and C-reactive protein, that have been 

shown to influence both the incidence (Livshits et al., 2009) and progression of OA (Sharif 

et al., 2000; Spector et al., 1997). We did not assess whether OA was primary or secondary.

However, to our knowledge, this is one of the first trials of a PA/weight management 

intervention to have successfully recruited and retained a relatively large sample of 

community-dwelling overweight/obese older African American adults, delivered a highly 

scalable intervention, and objectively measured height, body weight, waist circumference, 

mobility, and LE strength.
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Fig. 1. 
Participant flow.

Fitzgibbon et al. Page 14

Prev Med. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fitzgibbon et al. Page 15

Ta
b

le
 1

Pa
rt

ic
ip

an
t c

ha
ra

ct
er

is
tic

s 
at

 b
as

el
in

e. F
&

S!
 P

lu
s

N
 =

 2
03

F
&

S!
N

 =
 2

10
A

ll
N

 =
 4

13
b

M
ea

n 
or

 %
SD

 o
r 

N
M

ea
n 

or
 %

SD
 o

r 
N

M
ea

n 
or

 %
SD

 o
r 

N

A
ge

, y
67

.7
6.

0
68

.1
5.

8
67

.9
5.

9

Se
x

 
Fe

m
al

e
87

%
17

7
85

%
17

8
86

%
35

5

 
M

al
e

13
%

26
15

%
32

14
%

58

R
ac

e

 
B

la
ck

 o
r 

A
fr

ic
an

-A
m

er
ic

an
, n

ot
 H

is
pa

ni
c

92
%

18
7

92
%

19
3

92
%

38
0

 
O

th
er

8%
16

8%
17

8%
33

E
du

ca
tio

n,
 y

14
.3

1.
9

14
.1

2.
0

14
.2

1.
9

 
N

ot
 H

S 
gr

ad
ua

te
, n

 (
%

)
4%

9
7%

15
6%

24

 
H

S 
gr

ad
ua

te
/G

E
D

13
%

27
16

%
34

15
%

61

 
So

m
e 

co
lle

ge
45

%
91

40
%

84
42

%
17

5

 
C

ol
le

ge
 g

ra
du

at
e

37
%

76
37

%
77

37
%

15
3

E
m

pl
oy

ed
 f

ul
l o

r 
pa

rt
-t

im
e

15
%

30
11

%
23

13
%

53

M
ar

ri
ed

 o
r 

m
em

be
r 

of
 u

nm
ar

ri
ed

 c
ou

pl
e

26
%

52
26

%
54

26
%

10
6

In
co

m
e,

 m
ed

ia
na

25
,0

00
25

,0
00

25
,0

00

 
<

 $
20

,0
00

37
%

64
34

%
58

35
%

12
2

 
$2

0,
00

0 
– 

<
 $

40
,0

00
26

%
45

28
%

48
27

%
93

 
≥$

40
,0

00
37

%
64

38
%

66
38

%
13

0

B
M

I 
ca

te
go

ry
, k

g/
m

2

 
O

ve
rw

ei
gh

t (
25

−
 <

 3
0)

21
%

43
19

%
39

20
%

82

 
O

be
se

 (
≥ 

30
)

79
%

16
0

81
%

17
1

80
%

33
1

a N
 =

 3
45

 f
or

 in
co

m
e

Prev Med. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fitzgibbon et al. Page 16

Ta
b

le
 2

A
dj

us
te

da  m
ea

n 
ou

tc
om

e 
m

ea
su

re
s 

at
 e

ac
h 

vi
si

t a
nd

 m
ea

n 
ch

an
ge

 f
ro

m
 b

as
el

in
e 

to
 2

, 6
, 1

2,
 a

nd
 1

8 
m

on
th

s.

F
&

S!
 P

lu
s

F
&

S!

O
ut

co
m

es
 o

ve
r 

ti
m

e
O

ut
co

m
e 

m
ea

su
re

C
ha

ng
e 

fr
om

 b
as

el
in

e
O

ut
co

m
e 

m
ea

su
re

C
ha

ng
e 

fr
om

 b
as

el
in

e
Si

gn
if

ic
an

ce
 o

f 
di

ff
er

en
ce

 in
 

m
ea

n 
ch

an
ge

 
be

tw
ee

n 
gr

ou
ps

Si
gn

if
ic

an
ce

 
of

 o
ve

ra
ll 

gr
ou

p*
vi

si
t 

in
te

ra
ct

io
n

M
ea

n 
± 

SE
M

ea
nb  ±

 S
E

%
c

pd
(N

)
M

ea
n 

± 
SE

M
ea

nb  ±
 S

E
%

c
pd

(N
)

pe
p

W
ei

gh
t, 

kg
<

 .0
00

1

B
as

el
in

e
93

.1
 ±

 1
.1

(N
 =

 2
03

)
93

.7
 ±

 1
.1

(N
 =

 2
10

)
–

2 
M

on
91

.2
 ±

 1
.1

−
2.

0 
±

 0
.2

−
2.

1%
**

*
(N

 =
 1

91
)

93
.2

 ±
 1

.1
−

0.
5 

±
 0

.2
−

0.
6%

**
(N

 =
 1

91
)

<
 0

.0
00

1

6 
M

on
91

.1
 ±

 1
.1

−
2.

0 
±

 0
.3

−
2.

2%
**

*
(N

 =
 1

75
)

92
.9

 ±
 1

.1
−

0.
8 

±
 0

.3
−

0.
9%

**
(N

 =
 1

71
)

0.
00

09

12
 M

on
91

.4
 ±

 1
.1

−
1.

7 
±

 0
.3

−
1.

8%
**

*
(N

 =
 1

54
)

92
.8

 ±
 1

.1
−

0.
9 

±
 0

.3
−

1.
0%

**
(N

 =
 1

68
)

0.
04

9

18
 M

on
91

.8
 ±

 1
.2

−
1.

3 
±

 0
.3

−
1.

4%
**

*
(N

 =
 1

74
)

92
.8

 ±
 1

.2
−

0.
9 

±
 0

.3
−

1.
0%

**
(N

 =
 1

81
)

0.
40

B
M

I,
 k

g/
m

2
<

 0
.0

00
1

B
as

el
in

e
34

.7
 ±

 0
.4

(N
 =

 2
03

)
35

.0
 ±

 0
.4

(N
 =

 2
10

)

2 
M

on
34

.0
 ±

 0
.4

−
0.

7 
±

 0
.1

−
2.

1%
**

*
(N

 =
 1

91
)

34
.8

 ±
 0

.4
−

0.
2 

±
 0

.1
−

0.
5%

**
(N

 =
 1

91
)

<
 0

.0
00

1

6 
M

on
34

.0
 ±

 0
.4

−
0.

8 
±

 0
.1

−
2.

2%
**

*
(N

 =
 1

75
)

34
.7

 ±
 0

.4
−

0.
3 

±
 0

.1
−

0.
9%

**
(N

 =
 1

71
)

0.
00

09

12
 M

on
34

.1
 ±

 0
.4

−
0.

6 
±

 0
.1

−
1.

9%
**

*
(N

 =
 1

54
)

34
.7

 ±
 0

.4
−

0.
3 

±
 0

.1
−

0.
9%

**
(N

 =
 1

68
)

0.
04

18
 M

on
34

.2
 ±

 0
.4

−
0.

5 
±

 0
.1

−
1.

4%
**

*
(N

 =
 1

74
)

34
.7

 ±
 0

.4
−

0.
3 

±
 0

.1
−

0.
9%

**
(N

 =
 1

81
)

0.
39

W
ai

st
 c

ir
cu

m
fe

re
nc

e,
 

cm
0.

00
03

B
as

el
in

e
11

3.
9 

±
 0

.5
(N

 =
 2

01
)

11
1.

8 
±

 0
.5

(N
 =

 2
10

)

2 
M

on
11

1.
1 

±
 0

.5
−

2.
9 

±
 0

.4
−

2.
5%

**
*

(N
 =

 1
91

)
11

1.
3 

±
 0

.5
−

0.
5 

±
 0

.4
−

0.
4%

(N
 =

 1
91

)
<

 0
.0

00
1

6 
M

on
11

0.
5 

±
 0

.6
−

3.
4 

±
 0

.5
−

3.
0%

**
*

(N
 =

 1
75

)
11

0.
8 

±
 0

.6
−

1.
0 

±
 0

.5
−

0.
9%

(N
 =

 1
71

)
0.

00
06

12
 M

on
11

1.
2 

±
 0

.7
−

2.
7 

±
 0

.6
−

2.
4%

**
*

(N
 =

 1
55

)
11

1.
4 

±
 0

.6
−

0.
4 

±
 0

.6
−

0.
3%

(N
 =

 1
68

)
0.

00
4

18
 M

on
11

1.
9 

±
 0

.7
−

2.
0 

±
 0

.5
−

1.
8%

**
*

(N
 =

 1
74

)
11

0.
4 

±
 0

.6
−

1.
4 

±
 0

.5
−

1.
2%

*
(N

 =
 1

81
)

0.
39

H
ea

lth
y 

E
at

in
g 

In
de

x 

20
10

f
0.

00
4

B
as

el
in

e
65

.9
 ±

 0
.7

(N
 =

 1
97

)
66

.7
 ±

 0
.7

(N
 =

 2
03

)

2 
M

on
70

.6
 ±

 0
.7

4.
7 

±
 0

.7
7.

1%
**

*
(N

 =
 1

83
)

68
.8

 ±
 0

.7
2.

1 
±

 0
.7

3.
1%

**
(N

 =
 1

85
)

0.
00

5

Prev Med. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fitzgibbon et al. Page 17

F
&

S!
 P

lu
s

F
&

S!

O
ut

co
m

es
 o

ve
r 

ti
m

e
O

ut
co

m
e 

m
ea

su
re

C
ha

ng
e 

fr
om

 b
as

el
in

e
O

ut
co

m
e 

m
ea

su
re

C
ha

ng
e 

fr
om

 b
as

el
in

e
Si

gn
if

ic
an

ce
 o

f 
di

ff
er

en
ce

 in
 

m
ea

n 
ch

an
ge

 
be

tw
ee

n 
gr

ou
ps

Si
gn

if
ic

an
ce

 
of

 o
ve

ra
ll 

gr
ou

p*
vi

si
t 

in
te

ra
ct

io
n

M
ea

n 
± 

SE
M

ea
nb  ±

 S
E

%
c

pd
(N

)
M

ea
n 

± 
SE

M
ea

nb  ±
 S

E
%

c
pd

(N
)

pe
p

6 
M

on
67

.9
 ±

 0
.8

2.
0 

±
 0

.7
3.

1%
**

(N
 =

 1
66

)
67

.5
 ±

 0
.8

0.
8 

±
 0

.7
1.

2%
(N

 =
 1

61
)

0.
24

12
 M

on
66

.4
 ±

 0
.7

0.
6 

±
 0

.7
0.

9%
(N

 =
 1

50
)

68
.0

 ±
 0

.7
1.

3 
±

 0
.7

2.
0%

(N
 =

 1
58

)
0.

47

18
 M

on
66

.9
 ±

 0
.8

1.
0 

±
 0

.7
1.

5%
(N

 =
 1

64
)

66
.7

 ±
 0

.8
0.

0 
±

 0
.7

0.
0%

(N
 =

 1
69

)
0.

33

PA
SE

 p
hy

si
ca

l a
ct

iv
ity

 

sc
or

eg
0.

23

B
as

el
in

e
99

.6
 ±

 4
.2

(N
 =

 1
99

)
99

.2
 ±

 4
.2

(N
 =

 2
10

)

2 
M

on
12

8.
7 

±
 4

.9
29

.1
 ±

 4
.8

29
.2

%
**

*
(N

 =
 1

84
)

11
3.

3 
±

 5
.0

14
.1

 ±
 4

.7
14

.2
%

**
(N

 =
 1

84
)

0.
03

6 
M

on
11

7.
1 

±
 5

.2
17

.5
 ±

 5
.0

17
.6

%
**

*
(N

 =
 1

72
)

11
4.

6 
±

 5
.2

15
.4

 ±
 5

.0
15

.5
%

**
(N

 =
 1

69
)

0.
77

12
 M

on
11

1.
2 

±
 5

.0
11

.6
 ±

 4
.9

11
.7

%
*

(N
 =

 1
53

)
10

6.
2 

±
 4

.9
7.

0 
±

 4
.8

7.
0%

(N
 =

 1
63

)
0.

50

18
 M

on
11

1.
7 

±
 4

.8
12

.2
 ±

 4
.9

12
.2

%
*

(N
 =

 1
71

)
10

4.
4 

±
 4

.8
5.

2 
±

 4
.8

5.
3%

(N
 =

 1
78

)
0.

32

W
O

M
A

C
 p

ai
n 

(0
−

20
)h

0.
00

4

B
as

el
in

e
5.

4 
±

 0
.2

(N
 =

 2
03

)
5.

7 
±

 0
.2

(N
 =

 2
10

)

2 
M

on
4.

1 
±

 0
.2

−
1.

4 
±

 0
.2

−
25

.1
%

**
*

(N
 =

 1
91

)
5.

2 
±

 0
.2

−
0.

5 
±

 0
.2

−
8.

8%
*

(N
 =

 1
92

)
0.

01

6 
M

on
3.

9 
±

 0
.3

−
1.

5 
±

 0
.3

−
27

.2
%

**
*

(N
 =

 1
74

)
5.

1 
±

 0
.3

−
0.

6 
±

 0
.3

−
11

.1
%

*
(N

 =
 1

73
)

0.
03

12
 M

on
4.

5 
±

 0
.3

−
0.

9 
±

 0
.3

−
16

.7
%

**
(N

 =
 1

56
)

5.
0 

±
 0

.3
−

0.
7 

±
 0

.3
−

12
.0

%
*

(N
 =

 1
69

)
0.

57

18
 M

on
4.

5 
±

 0
.3

−
0.

9 
±

 0
.3

−
16

.4
%

**
(N

 =
 1

74
)

4.
8 

±
 0

.3
−

1.
0 

±
 0

.3
−

16
.7

%
**

(N
 =

 1
82

)
0.

88

W
O

M
A

C
 p

hy
si

ca
l 

fu
nc

tio
n 

(0
–6

8)
h

0.
00

4

B
as

el
in

e
17

.7
 ±

 0
.9

(N
 =

 2
03

)
17

.8
 ±

 0
.9

(N
 =

 2
10

)

2 
M

on
12

.2
 ±

 0
.9

−
5.

5 
±

 0
.8

−
31

.0
%

**
*

(N
 =

 1
91

)
15

.8
 ±

 0
.9

−
1.

9 
±

 0
.7

−
10

.8
%

*
(N

 =
 1

91
)

0.
00

09

6 
M

on
12

.8
 ±

 1
.0

−
4.

9 
±

 0
.9

−
27

.5
%

**
*

(N
 =

 1
74

)
16

.1
 ±

 1
.0

−
1.

7 
±

 0
.9

−
9.

4%
*

(N
 =

 1
73

)
0.

01

12
 M

on
13

.6
 ±

 0
.9

−
4.

1 
±

 0
.9

−
23

.4
%

**
*

(N
 =

 1
56

)
15

.7
 ±

 0
.9

−
2.

0 
±

 0
.9

−
11

.5
%

(N
 =

 1
69

)
0.

09

18
 M

on
14

.2
 ±

 1
.0

−
3.

5 
±

 0
.9

−
19

.5
%

**
*

(N
 =

 1
74

)
15

.2
 ±

 1
.0

−
2.

6 
±

 0
.9

−
14

.7
%

**
(N

 =
 1

82
)

0.
48

W
O

M
A

C
 s

tif
fn

es
s 

(0
–

8)
h

0.
04

9

B
as

el
in

e
3.

1 
±

 0
.1

(N
 =

 2
03

)
3.

2 
±

 0
.1

(N
 =

 2
10

)

Prev Med. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fitzgibbon et al. Page 18

F
&

S!
 P

lu
s

F
&

S!

O
ut

co
m

es
 o

ve
r 

ti
m

e
O

ut
co

m
e 

m
ea

su
re

C
ha

ng
e 

fr
om

 b
as

el
in

e
O

ut
co

m
e 

m
ea

su
re

C
ha

ng
e 

fr
om

 b
as

el
in

e
Si

gn
if

ic
an

ce
 o

f 
di

ff
er

en
ce

 in
 

m
ea

n 
ch

an
ge

 
be

tw
ee

n 
gr

ou
ps

Si
gn

if
ic

an
ce

 
of

 o
ve

ra
ll 

gr
ou

p*
vi

si
t 

in
te

ra
ct

io
n

M
ea

n 
± 

SE
M

ea
nb  ±

 S
E

%
c

pd
(N

)
M

ea
n 

± 
SE

M
ea

nb  ±
 S

E
%

c
pd

(N
)

pe
p

2 
M

on
2.

4 
±

 0
.1

−
0.

6 
±

 0
.1

−
21

.2
%

**
*

(N
 =

 1
91

)
2.

9 
±

 0
.1

−
0.

3 
±

 0
.1

−
10

.2
%

**
(N

 =
 1

92
)

0.
06

6 
M

on
2.

6 
±

 0
.1

−
0.

5 
±

 0
.1

−
15

.5
%

**
*

(N
 =

 1
74

)
2.

7 
±

 0
.1

−
0.

5 
±

 0
.1

−
15

.9
%

**
*

(N
 =

 1
73

)
0.

81

12
 M

on
2.

6 
±

 0
.1

−
0.

5 
±

 0
.1

−
15

.2
%

**
*

(N
 =

 1
56

)
2.

7 
±

 0
.1

−
0.

6 
±

 0
.1

−
17

.6
%

**
*

(N
 =

 1
69

)
0.

57

18
 M

on
2.

6 
±

 0
.1

−
0.

4 
±

 0
.1

−
13

.4
%

**
(N

 =
 1

74
)

2.
6 

±
 0

.1
−

0.
6 

±
 0

.1
−

18
.3

%
**

*
(N

 =
 1

82
)

0.
32

Si
x-

m
in

ut
e 

w
al

k,
 m

0.
00

05

B
as

el
in

e
36

0.
8 

±
 6

.2
(N

 =
 2

01
)

35
7.

7 
±

 6
.2

(N
 =

 2
08

)

2 
M

on
41

1.
2 

±
 6

.8
50

.5
 ±

 4
.4

14
.0

%
**

*
(N

 =
 1

90
)

38
0.

6 
±

 6
.8

22
.9

 ±
 4

.4
6.

4%
**

*
(N

 =
 1

89
)

<
 0

.0
00

1

6 
M

on
39

0.
1 

±
 7

.3
29

.3
 ±

 5
.1

8.
1%

**
*

(N
 =

 1
73

)
37

1.
0 

±
 7

.3
13

.3
 ±

 5
.2

3.
7%

*
(N

 =
 1

65
)

0.
03

12
 M

on
38

4.
0 

±
 7

.5
23

.2
 ±

 5
.3

6.
4%

**
*

(N
 =

 1
54

)
36

7.
7 

±
 7

.4
10

.0
 ±

 5
.3

2.
8%

(N
 =

 1
64

)
0.

08

18
 M

on
37

3.
5 

±
 7

.7
12

.8
 ±

 5
.8

3.
5%

*
(N

 =
 1

68
)

35
7.

2 
±

 7
.7

−
0.

6 
±

 5
.8

−
0.

2%
(N

 =
 1

73
)

0.
10

C
ha

ir
 s

ta
nd

s 
in

 3
0 

s
0.

26

B
as

el
in

e
8.

8 
±

 0
.2

(N
 =

 2
03

)
8.

8 
±

 0
.2

(N
 =

 2
09

)

2 
M

on
10

.6
 ±

 0
.2

1.
8 

±
 0

.2
20

.4
%

**
*

(N
 =

 1
87

)
10

.2
 ±

 0
.2

1.
3 

±
 0

.2
15

.0
%

**
*

(N
 =

 1
88

)
0.

08

6 
M

on
10

.4
 ±

 0
.3

1.
7 

±
 0

.2
18

.8
%

**
*

(N
 =

 1
72

)
10

.0
 ±

 0
.3

1.
1 

±
 0

.2
13

.0
%

**
*

(N
 =

 1
65

)
0.

07

12
 M

on
10

.4
 ±

 0
.3

1.
6 

±
 0

.2
18

.3
%

**
*

(N
 =

 1
52

)
9.

8 
±

 0
.3

1.
0 

±
 0

.2
11

.4
%

**
*

(N
 =

 1
62

)
0.

04
6

18
 M

on
10

.2
 ±

 0
.3

1.
4 

±
 0

.2
15

.5
%

**
*

(N
 =

 1
70

)
9.

6 
±

 0
.3

0.
7 

±
 0

.2
8.

2%
**

(N
 =

 1
76

)
0.

04
5

A
nx

ie
ty

 a
nd

 d
ep

re
ss

io
n 

(0
−

10
)i

0.
26

B
as

el
in

e
2.

5 
±

 0
.1

(N
 =

 2
03

)
2.

6 
±

 0
.1

(N
 =

 2
10

)

2 
M

on
2.

0 
±

 0
.1

−
0.

5 
±

 0
.1

−
19

.9
%

**
*

(N
 =

 1
91

)
2.

2 
±

 0
.1

−
0.

4 
±

 0
.1

−
13

.8
%

**
*

(N
 =

 1
90

)
0.

26

6 
M

on
2.

1 
±

 0
.1

−
0.

4 
±

 0
.1

−
15

.9
%

**
*

(N
 =

 1
74

)
2.

4 
±

 0
.1

−
0.

1 
±

 0
.1

−
5.

8%
(N

 =
 1

73
)

0.
07

12
 M

on
2.

1 
±

 0
.1

−
0.

4 
±

 0
.1

−
15

.1
%

**
*

(N
 =

 1
56

)
2.

4 
±

 0
.1

−
0.

1 
±

 0
.1

−
5.

0%
(N

 =
 1

69
)

0.
08

18
 M

on
2.

2 
±

 0
.1

−
0.

3 
±

 0
.1

−
12

.2
%

**
(N

 =
 1

74
)

2.
3 

±
 0

.1
−

0.
2 

±
 0

.1
−

9.
3%

*
(N

 =
 1

82
)

0.
66

a Fr
om

 r
ep

ea
te

d-
m

ea
su

re
s 

lin
ea

r 
m

od
el

s 
w

ith
 a

 f
ul

ly
 s

pe
ci

fi
ed

 (
un

st
ru

ct
ur

ed
) 

co
va

ri
an

ce
 m

at
ri

x 
an

d 
th

e 
ba

se
lin

e 
va

lu
e 

in
cl

ud
ed

 in
 th

e 
ou

tc
om

e 
ve

ct
or

. C
ov

ar
ia

te
s 

in
cl

ud
ed

 in
 m

od
el

s:
 I

te
ra

tio
n,

 b
as

el
in

e 
W

O
M

A
C

 p
hy

si
ca

l f
un

ct
io

n 
(e

xc
ep

t f
or

 th
e 

W
O

M
A

C
 p

hy
si

ca
l f

un
ct

io
n 

m
od

el
),

 a
nd

 b
as

el
in

e 
B

M
I 

(e
xc

ep
t f

or
 th

e 
w

ei
gh

t a
nd

 B
M

I 
m

od
el

s)
.

b E
st

im
at

ed
 m

ea
n 

ch
an

ge
 is

 th
e 

di
ff

er
en

ce
 b

et
w

ee
n 

th
e 

fo
llo

w
-u

p 
an

d 
ba

se
lin

e 
ad

ju
st

ed
 m

ea
ns

.

Prev Med. Author manuscript; available in PMC 2020 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Fitzgibbon et al. Page 19
c Pe

rc
en

t c
ha

ng
e 

is
 m

ea
n 

ch
an

ge
 d

iv
id

ed
 b

y 
th

e 
ad

ju
st

ed
 b

as
el

in
e 

m
ea

n.

d Te
st

 f
or

 w
ith

in
-g

ro
up

 c
ha

ng
e 

di
ff

er
en

t f
ro

m
 0

* p 
<

 0
.0

5

**
p 

<
 0

.0
1

**
* p 

<
 0

.0
01

.

e Te
st

 f
or

 d
if

fe
re

nc
e 

in
 c

ha
ng

e 
be

tw
ee

n 
gr

ou
ps

.

f A
 h

ig
he

r 
sc

or
e 

in
di

ca
te

s 
hi

gh
er

 d
ie

t q
ua

lit
y.

 R
ec

or
ds

 w
ith

 e
ne

rg
y 

va
lu

es
 <

 5
00

 o
r 

>
 5

00
0 

kc
al

 w
er

e 
ex

cl
ud

ed
 f

ro
m

 th
e 

an
al

ys
is

: 1
3 

at
 b

as
el

in
e 

an
d 

2 
m

on
th

s,
 2

0 
at

 6
 m

on
th

s,
 1

6 
at

 1
2 

m
on

th
s,

 2
2 

at
 1

8 
m

on
th

s.

g A
 h

ig
he

r 
sc

or
e 

in
di

ca
te

s 
gr

ea
te

r 
ph

ys
ic

al
 a

ct
iv

ity
.

h A
 h

ig
he

r 
sc

or
e 

in
di

ca
te

s 
gr

ea
te

r 
di

ff
ic

ul
tie

s 
du

e 
to

 O
A

.

i A
 h

ig
he

r 
sc

or
e 

in
di

ca
te

s 
gr

ea
te

r 
an

xi
et

y/
de

pr
es

si
on

.

Prev Med. Author manuscript; available in PMC 2020 December 01.


	Abstract
	Introduction
	Design and methods
	Setting
	Recruitment
	Participants
	Inclusion criteria
	Exclusion criteria
	Interventions
	Maintenance boosters

	Measures
	Primary outcomes
	Anthropometrics.
	Dietary intake.

	Secondary outcomes
	Physical activity.
	OA symptomatology.
	Performance measures.
	Depression and anxiety.


	Statistical analysis

	Results
	Primary outcomes
	Body weight
	Diet quality

	Secondary outcomes
	Physical activity (PA)
	Osteoarthritis symptomatology
	Performance measures
	Anxiety/depression


	Discussion
	Primary outcomes
	Secondary outcomes
	Limitations and strengths

	References
	Fig. 1.
	Table 1
	Table 2

