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ABSTRACT 

Introduction: Overweight and obese individuals are at an increased risk of developing knee 

osteoarthritis (OA), which severely limits mobility and reduces quality of life. Weight-loss 

interventions have shown positive effects on knee OA symptoms. However, few long-term 

follow-up studies have been performed in this population. 

Purpose: To determine the effectiveness of the IDEA trial on clinical outcomes 2-3 years after 

study completion. This data could help to improve future weight-loss interventions for adults with 

knee OA. 

Methods: Participants in waves 1-5 of the IDEA trial (n = 166) were invited to return to a follow-

up visit 2-3 years after their completion of the study. Pairwise and treatment effect comparisons 

were performed on the 91 participants who returned for the follow-up visit, relative to their 

baseline and 18-month (FU18) visit data. Data included anthropometric, mobility, quality of life, 

and psychosocial measurements.  

Results: While the D+E group lost 10.6 kg and the D-only group lost 8.9 kg during the IDEA 

trial, at the conclusion of the IDEA trial participants in the D+E group increased in weight by 5.8 

kg, waist circumference by 55.3%, and regressed toward baseline values in pain, function and 

mobility. The D-only group regained 3.1 kg but slightly increased in waist circumference and 

regressed in pain and function measures 

Conclusions: Participants randomized to the IDEA weight-loss groups regained some, but not all, 

of their weight and this had a negative impact on many clinical outcomes. The D-only group 

experienced less weight regain than the D+E group, and less regression to baseline values in pain, 

function, and waist circumference. While the D+E group experienced the greatest improvements 

in clinical outcomes during the IDEA trial, the regression toward baseline values in all groups 

resulted in no statistical difference between-groups 2-3 years after trial completion.  
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INTRODUCTION 

 Obesity is a global epidemic, affecting over a third of the adult population in the United 

States1,2. It is a complex disease that has many comorbidities, including diabetes, cancer, 

cardiovascular disease, and disability. Overweight and obese individuals are also at a higher risk 

of developing osteoarthritis (OA): a disease of synovial joints resulting in pain and severely 

limiting mobility3–7. Of all weight bearing OA cases, the knee joint accounts for about 83%8,9. 

Knee OA affects 10% of 60-year old men and 13% of 60-year old women. Overweight and obese 

women are twice as likely as normal weight women, and overweight and obese men are 1.5-times 

as likely as normal weight men, to develop knee OA10. Body weight is a major modifiable risk 

factor for this disease. 

 Numerous studies have examined the effect of weight loss on the onset and progression 

of knee OA. A reduction in body mass index (BMI) by 3.0% and body mass by 2.6% over the 

course of 1.5 years reduced the compressive force on the knee joint; more specifically, for every 1 

pound of weight-loss a four-fold reduction in knee joint loading was observed in ADAPT11. Older 

adults with knee OA had significant improvements in mobility and functioning, and a reduction 

in pain consequent to weight loss. Individuals losing 10% of their initial weight at the beginning 

of an 18-month diet and exercise intervention reported improved WOMAC function and 

attenuated pain scores by 4.29 (range 0-68) and 1.13 (range 0-20) points respectively12. 

 Studies show that initial weight loss has a positive effect on individuals with knee OA; 

however, few studies have investigated the relationship between long-term weight loss 

maintenance in persons with knee OA. In the CAROT study individuals with knee OA were 

randomized into either a control, diet, or exercise intervention which resulted in body weight 

reductions of 8.23 kg, 10.96 kg, and 6.24 kg, respectively, over the next 52-week13. 153 of these 

individuals were then recruited for the LIGHT study where they were randomized into either an 

intermittent (IN) treatment group or a regular (RE) treatment group. Both groups received regular 

counseling with a registered dietician but had differing frequencies and intensities of low-energy 
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diet periods. Over the three-year intervention period these individuals had a very modest amount 

of weight regain both groups (IN: 0.68 kg and RE: 1.75 kg) indicating weight-loss maintenance 

from the original CAROT study14.  

 While the prevention of weight regain was promising, study participants were actively 

engaging in a highly structured intervention. Therefore, the primary outcome of this follow-up 

study to the IDEA trial was the amount of weight regain or loss 2-3 years after the supervised 

treatment was completed. Secondary outcomes included participant retention (return for testing 2-

3 years post intervention), BMI, pain, function, mobility (gait speed), quality of life (SF-36), and 

physical activity levels (PASE). We hypothesized that participants randomized to the weight-loss 

groups would regain some, but not all of their weight, and these participants would experience a 

regression toward baseline in clinical outcome measures.  
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REVIEW OF LITERATURE 

 

Obesity 
 
 Obesity is a condition of abnormal excessive adipose tissue accumulation, relative to age 

and height, and is clinically meaningful when health is impiaired15,16. The National Institute of 

Health (NIH) has identified several classifications of weight based on Body Mass Index 

(BMI)1,17–19. A BMI value is based upon an individual’s weight in kilograms divided by their 

height in meters squared (kg/m2), and from this value an individual may be classified as 

underweight    (< 18.5 kg/m2), normal weight (18.5 - 24.9 kg/m2), overweight (25 - 29.9 kg/m2), 

or obese (> 30 kg/m2)1,17–19. While obesity is a highly complex condition with multiple factors 

affecting its etiology, BMI provides an objective measurement that allows investigators to 

explore the chronic disease morbidities and mortalities associated with an increased BMI. 

 Flegal et al.1 compared results from the 2010 National Health and Nutrition Examination 

Survey (NHANES) to the 1999 NHANES to report on the prevalence of obesity in the United 

States. Their report is based on data collected from a nationally representative group of 3037 

women and 2889 men, 20 years or older in age, who completed the NHANES from 2009 - 2010 

and compared it to the individuals who completed the NHANES 12 years prior, from 1999-20081. 

Over a third of all individuals were obese; when adjusting for age, the prevalence of obesity (BMI 

30 kg/m2) was 35.8% [95% CI (34.0% - 37.7% )] for women and 35.5% [95% CI (31.9% - 

39.2%)] for men1. Along with the high rates of obesity in this sample, the average BMI for both 

men and women was 28.7 kg/m2. Hence, the average adult in the United States is overweight. 

A statistically significant (p < 0.05) increase in obesity was reported in the results from 

the 2009 - 2010 NHANES over 12 years in all demographics for men, Non-Hispanic black 

women, and Mexican American women: 1.04 [95% CI (1.0 - 1.1)], 1.03 [95% CI (1.0 - 1.1)], and 

1.03 [95% CI (1.00- 1.01)] respectively. While not all subpopulations are experiencing increased 
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obesity rates, it is too soon to tell whether this means that obesity rates are at a maximum level in 

these populations1,2,20. 

Link Between Overweight/Obesity and Knee Osteoarthritis (OA) 

Felson et al.10,21,22 identified obesity as a major risk factor for the development of knee 

OA, with a stronger association between weight and knee OA in women than in men. After 

controlling for physical activity level, age, and serum uric acid level at baseline, women in the 

most overweight quintile had a 2.1 times higher risk of developing knee OA than women of 

normal weight over the course of this 37-year prospective cohort study [Relative Risk (RR) 95% 

CI (1.7, 1.9)]22. Women in the second heaviest group had a 1.4 times higher risk of developing 

knee OA than women of normal weight  [RR 95% CI (1.1, 1.9)]22. The risk of knee OA increased 

for men in the heaviest quintile of weight at the first examination [RR 95% CI, 1.51 (1.14, 1.98)] 

but was not increased for men in the second heaviest group (RR = 1.0) when controlling for the 

same variables22.  

Considering the prevalence of knee OA, Felson et al.10 demonstrated the relationship 

between adults having a higher baseline BMI and having an increased chance of incident 

radiographic knee OA [OR 95% CI, 1.06 per 5-BMI unit increase (1.2, 2.22)]10. They observed 

how weight increase directly correlated to an increased chance of having knee OA [OR 95% CI, 

1.4 per 10-pound increase in weight (1.1, 1.8)]10. These studies demonstrate how higher weights 

from baseline and sex influence the chance of having knee OA. 

In a prospective cohort study by Cooper et al., adults (n = 354) aged > 55 years had 

weight bearing knee radiographs and baseline interviews23. Evaluating the knee radiographs in the 

same radiology units as the baseline measurement and utilizing the same standardized protocol, 

the subjects were then invited to attend a follow up interview 5-6 years later23. Because the 

investigators had a time period, they were able to factor the IR of knee OA into their RR 

calculations. Individuals in the highest tertile of BMI (> 25.4 kg/m2) had a 9.1 times higher risk of 

developing incident KL grade 1+ radiographic knee OA [95% CI (2.6, 32.2)] and a 18.3 higher 
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risk of developing incident KL grade 2+ radiographic knee OA [95% CI (5.1, 65.1)] compared to 

individuals in the lowest tertile of the BMI distribution (< 22.7 kg/m2) over the course of the 

follow up period, averaged out to 5.1 years23. These results demonstrate a strong relationship 

between the risk of knee OA and a higher BMI23. 

Cicuttini et al.5 performed a co-twin control, cross-sectional, study to help explore the 

association between weight and OA prevalence at different joints of women aged 48-70 years 

utilizing twin pairs discordant for the disease traits of OA. While not utilizing BMI, rather body 

weight, the authors found a twin with tibiofemoral osteophytes to be heavier than their co-twin 

[95% CI, 3.75 kg (1.29, 6.21)] and that a twin with patellofemoral osteophytes to also weigh 

more than their co-twin [95% CI, 3.05 kg (0.96, 5.15)]5. The authors utilized OR to specifically 

examine the effect of a single kilogram increase in weight on the prevalence of osteophytes, a 

common OA trait, identifying an increased risk of 1.14 [OR 95% CI (1.01, 1.28)] for tibiofemoral 

osteophytes and an increased risk of osteophyte formation at the patellofemoral joint of 1.32 [OR 

95% CI (1.09, 1.59)]5. The results from this study were mirrored in the Chingford Study, a 

prospective cohort study by Hart et al. of 830 women, aged 54.1 (+/- 5.9) years at baseline, where 

the women in the top tertile of weight (BMI > 26.4) experienced an increased risk of incident 

knee osteophytes [OR 95% CI, 2.38 (1.29, 4.39)] than women in the middle and lowest tertiles of 

weight24.  

The findings from these longitudinal and cross-sectional studies demonstrate a strong 

relationship between the incidence and prevalence of knee OA and heavier body weights seen in 

overweight and obese individuals. From the Framingham Study, Felson et al. also noted that a 

reduction in BMI reduces the risk for incident knee OA. A decrease in 2 or more BMI units over 

10-years from the baseline measurements significantly (p = 0.02) decreased the risk of 

developing knee OA by 54% [OR 95% CI, 0.46 (0.24, 0.86)]10. These results suggest that because 

weight is a strong modifiable risk factor for knee OA, weight loss may be an important preventive 

treatment.  
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Knee Osteoarthritis 

OA is a disease that targets synovial joints, such as the knee, and is characterized by 

dysfunctional repair through the responding immune system; essentially, it initially manifests as 

abnormal joint tissue metabolism and may then be followed by cartilage degradation, joint 

inflammation, osteophyte formation, loss of normal functioning of the joint, and bone 

remodeling25. On a global level, knee OA accounts for 83% of all reported OA cases, making it a 

major cause of diminished quality of life and reduced independent mobility8,9. Due to its large 

impact on the adult population, classification systems have been created to help identify the 

presence of this joint disease. 

Knee OA is most commonly determined radiographically and symptomatically. By using 

standard posterior-anterior X-Rays, the Kellgren and Lawrence (KL) classification of knee OA, 

or tibiofemoral OA, is one of the most widely utilized classification systems to help determine the 

severity of knee OA: None (KL0 - definite absence of OA), Doubtful (KL1), Minimal (KL2 - 

presence of OA with minimal severity), Moderate (KL3), and Severe (KL4 - definite presence of 

OA with high severity)26,27. Through clinical examinations (n = 237), Altman et al. utilized 

stepwise logistic regression and correlation analysis to classify symptomatic knee OA as a patient 

experiencing knee pain (p < 0.003) and at least three of the following: aged 50 years or older (p < 

0.001), morning stiffness less than or equal to 30 minutes in duration (p < 0.001), crepitus on 

moving the knee joint (p < 0.001), bony enlargement (p < 0.001), and a lack of palpable warmth 

of the synovium (p < 0.001)4. These classification symptoms are relied upon for the identification 

of knee OA.  

OA is widespread, affecting nearly 4% of the world’s adult population, and 10% of men 

and 13% of women aged 60 years or older in the United States8,27,28. Of 1420 adults, 831 women 

and 589 men, participating in the Framingham Heart Study, women had a higher prevalence of 

radiographic knee OA than men: 286 (34.4%) versus 182 (30.9%), respectively9,21. This 

prospective cohort study by Felson et al. also found, when adjusting for age, that women had a 
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higher rate of symptomatic knee OA than men: 95 (11.4%) and 40 (6.8%), p = 0.00321. With knee 

OA affecting so many adults it raises concern in the medical community because it is one of the 

major causes of disability and diminished quality of life in adult men and women9,27,28.  

 The Johnston County Osteoarthritis Project provides good insight to the incidence rates 

(IR) of knee OA in a population of older adults. IR measures the number of new cases of a 

disease, such as knee OA, in a specific population over a period of time. This longitudinal 

population-based prospective cohort study reported IR for four knee OA outcomes and were 

calculated as percentages equal to the number of cases per 100 person-years over the course of a 

5.5 year follow-up, all reaching statistical significance (p = 0.001): radiographic knee OA [IR 

2.8%, CI (2.5-3.2)], symptomatic knee OA [IR 2.1%, CI (1.9-2.4)], severe radiographic knee OA 

[IR 1.7%, CI (1.5-1.9)], and severe symptomatic knee OA (IR 0.8%, CI (.7-0.9)]29. These results 

indicate that over 5.5 years, the number of subjects in this study who developed radiographically 

diagnosed knee OA and symptomatic knee OA, increased significantly. Murphy et al.29 reported 

having similar distributions of socio-demographic characteristics of their sample to the US 

population at the time of baseline data collection. 

Pathophysiological Factors of Knee OA 

 The exact pathophysiological mechanisms of how obesity causes knee OA is unclear, but 

studies have suggested that certain genetic, mechanical, and humoral factors may contribute. 

Genetic Factors 

 Manek et al.30 studied monozygotic (MZ) and dizygotic (DZ) female twins to investigate 

the environmental and genetic influences on the association between knee OA and BMI. The 

investigators obtained bilateral knee radiographs from 785 healthy female twins (mean age 54.5 

+/- 7.8 years: 261 MZ twin pairs and 524 DZ twin pairs) and found an increased risk of knee OA 

[OR 95% CI, 3.90 (2.56, 5.93)] with individuals classified in the highest quartile BMI range (27 - 

51 kg/m2) when compared to the lowest quartile BMI range (15 -22 kg/m2). The investigators 

examined the strength of the association between BMI in one twin and knee OA in the other twin, 
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through OR and path modeling, helping to identify the presence of shared genetic factors through 

the pattern of strength of the OR: because MZ twin pairs share 100% of their genes, a cross-trait 

cross-twin association would be present if the OR is higher in MZ twin pairs than in DZ twin 

pairs30. However, Manek et al. found no significantly different associations between MZ and DZ 

twin pairs, indicating that mostly non-heritable factors such as BMI may best explain the 

prevalence of OA rather than genetic factors30.  

 In contrast, Spector et al.31 studied the radiological changes at the tibiofemoral joint and 

patellofemoral joint of MZ and DZ female twins (aged 48-70 years: 130 MZ twin pairs and 120 

DZ twin pairs), expressing their results as intraclass correlations. The authors identified higher 

intraclass correlations of radiographic osteophyte formation, joint space narrowing, and knee pain 

in MZ twin pairs than DZ twin pairs: 0.64 (SE: 0.05) and 0.38 (SE: 0.08) respectively31. When 

adjusting for weight and age, the intraclass correlations for the presence of osteophytes and joint 

space narrowing of the knee were also higher in MZ twin pairs than in DZ twin pairs: 0.42 (SE: 

0.07) and 0.17 (SE: 0.09)31. An estimated 39% of the proportion of variance between MZ and DZ 

twin pairs was explained by genetic effects [95% CI (0.26, 0.52)]31. The authors acknowledge 

that while some women may be genetically predisposed to knee OA, non-heritable influences do 

play a major role in the presence of knee OA31. 

 While these two studies have conflicting views on how genetics affect the presence of 

knee OA, they both mention how a combination of genetics and environmental factors, including 

body mass, could help determine whether or not an individual will eventually suffer from KOA.  

Mechanical Factors 

Maquet and Pelzer were able to demonstrate an individual will transmit two to five times 

their body mass across their knee joint during normal daily walking32. The authors also examined 

different activities and the mechanical forces at play on the knee joint. For example in ascending 

or descending stairs the forces on the patellofemoral joint increased to three times body mass; 

squatting increased tibiofemoral and patellofemoral forces to seven to eight times body mass32. 
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Sedentary older adults (BMI > 25.0 kg/m2), from The Arthritis, Diet, and Activity 

Promotion Trial (ADAPT), with proven radiographic knee OA were recruited to help determine 

the relationship between kinetics of the knee joint and weight loss. The authors concluded a 

weight reduction of 1.00 kg (9.8 Newtons) in body mass led to a reduction of 4.14 kg (40.6 

Newtons) in compressive forces at the knee-joint, a reduction of 3.95 kg (38.7 Newtons) in 

resultant forces, and a 1.4% reduction in the knee abduction moment11. Taken together, Messier 

et al. concluded each single pound of weight loss would result in a four-fold reduction in the load 

exerted on the knee joint, leading to a reduction of 4,800 pounds per 1 mile of walking assuming 

1,200 steps per mile11.  

These two studies both support the reasoning that excess weight will increase the overall 

applied force on an individual’s knee joint. The additional mass can potentially overwhelm the 

articular cartilage beyond healthy biological capabilities, leading to the damage associated with 

the presence of knee OA. Altogether, it shows how weight is a risk factor for knee OA. 

Humoral Factors 

 While genetic and mechanical factors may significantly contribute towards the 

development of knee OA, whether hormones and inflammatory cytokines constitute a separate 

knee OA pathway or are instead the result of genes and chronic biomechanical stress remains 

uncertain and is debated33,34. Humoral factors such as inflammatory cytokines may diffuse from 

the synovial fluid into the cartilage and contribute to the stimulation of chondrocyte catabolic 

activity and inhibit anabolic activity, which result in a degeneration of articular cartilage and the 

progression of OA33,35.   

The association between insulin-like growth factor-1 (IFG-1) and knee OA was assessed 

using 761 women aged 44-64 years from the Chingford Study36. Increased level of IFG-1 

(nmol/liter) was associated with the most severe classifications of knee OA: joint space 

narrowing grade 2 or more bilaterally, osteophyte formation grade 2 or more bilaterally, and KL 

grade 2 or more bilaterally36. Interestingly, when examining the demographics of their sample, 
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the subjects with the most severe cases of knee OA had a significantly higher BMI than the 

control group36. The results from this sample of the Chingford Study support the findings of a 12-

year longitudinal study by Schouten et al. who measured the concentrations of IGF-1 in 141 

individuals with radiographic knee OA and confirmed their outcome measure by comparing the 

baseline and follow-up knee radiographs37. The authors adjusted for age and gender, finding that 

individuals in the highest tertile of IGF-1 concentration, versus the lowest tertile, were at a [OR 

3.0 95% CI (1.2, 7.6)] higher chance for osteophyte growth and a 2.6 [95% CI (1.0, 1.1)] higher 

chance for symptomatic knee OA37. Once again, individuals with a higher BMI had an increased 

IGF-1 concentration37. 

 Systemic inflammation markers such as interleukin-6 (IL-6) indicate the presence of OA 

and distinguish individuals with knee or hip OA from controls38. In the Chingford Study, IL-6 

was investigated in 613 women by Livshits et al.39 for a follow up period of 15 years. The 

investigators found that the prevalence of KOA increased from 14.7% at baseline to 48.7% 

(diagnosed K/L grade > 2; p < 0.00001) at the 15-year mark39. Livshits et al.39 also showed 

participants with increased IL-6 levels, in the fourth quartile of increasing levels compared to the 

first quartile, were 2.74 times more likely to be diagnosed with KOA. A more recent study by Li 

et al.40 investigated the role of IL-6 and interleukin-1� (IL-1�) with nociceptive pain in 86 

individuals with knee OA. By measuring IL-6 and IL-1� levels with enzyme-linked 

immunosorbent assays and assessing nociceptive pain with the Western Ontario and McMaster 

Universities Osteoarthritis Index (WOMAC) pain score, the investigators found a strong 

correlation between levels of IL-6 and knee pain (p < 0.01) as well as IL-1� and knee pain (p < 

0.0). To support this finding, a 2017 study by Kadojčić et al.41 found a strong correlation between 

IL-6 levels and WOMAC pain score [B = 0.022; 95% CI (0.004,0.04)].  

 Otterness et al.38 found that different types of tumor necrosis factors can distinguish 

individuals with hip or knee OA from individuals without diagnosed OA. When comparing 

osteoarthritic articular cartilage to a healthy control, Tetlow et al.42 identified statistically higher 
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levels of  tumor necrosis factor alpha (TNF-ɑ) in the osteoarthritic cartilage (p < 0.05). 

Furthermore, a study by Orita et al.43 examined the relationship between the inflammatory 

cytokine TNF-ɑ and WOMAC pain, stiffness, and function. The investigators found a moderately 

significant positive correlation with the total WOMAC score (R = 0.69, p < 0.05) and with each 

of the WOMAC subscales: pain (R = 0.57, p < 0.05), stiffness (R = 0.56, p < 0.05), physical 

function (R = 0.64, p < 0.05)43.  

 Matrix metalloproteinases (MMPs) are considered important for the catabolic processes 

that contribute to the degenerative changes in articular cartilage seen in individuals with knee 

OA40,42,44. Tetlow et al.42 compared osteoarthritic cartilage to normal, age-matched articular 

cartilage by examining the levels of six different types of MMPs (1, 2, 3, 8, 9, and 13) and found 

increased levels of all types of MMPs in the osteoarthritic cartilage (p < 0.05). Evidence suggests 

that individuals with OA express the genes for MMPs 1, 3, and 9 in the articular cartilage 

differently than individuals without OA, which increases their effect on chondrocyte’s catabolism 

of the articular cartilage42,44. 

 The results from these studies identify how IGF-1, IL-6, IL-1�, TNF-ɑ, and MMPs may 

play an important role in the development and progression of knee OA. An individual with high 

levels of these humoral factors may be at an increased risk for developing knee OA, and it may be 

due to their increased weight36–39,42–44. Therefore, a reduction of weight may reduce the effect 

these inflammatory cytokines have on the degeneration of articular cartilage associated with knee 

OA.  

Effects of Weight Loss on Knee OA 

 Many studies mention how a reduction in body mass may be an effective treatment of 

knee OA for overweight or obese individuals. The most common methods for weight loss include 

pharmacological, surgical, dietary and/or exercise approaches; however, few studies have actually 

investigated how non-pharmacological or non-surgical weight loss methods affect the symptoms 

of knee OA6,45.  



 

 12

In a cohort of 316 overweight or obese older men and women (mean age 68.52 +/- 6.30 

years: 71.67% female and 28.03% males) with knee OA, the authors investigated the effects of 

dietary and exercise weight loss on self-reported physical function, self-reported pain, and 

different physical performance measures11,45. Study participants were randomized into a healthy 

lifestyle education group (n = 78), diet only group (n = 82), exercise only group (n = 80), or the 

combined diet and exercise group (n = 76)11,45. At the end an 18-month intervention, statistically 

significant (p < 0.05) weight loss was observed in the diet plus exercise group [mean 5.2 kg; 95% 

CI (0.85, 9.55), 5.7%] and diet-only group [mean 4.61 kg; 95% CI (0.38, 8.84), 4.9%] when 

compared to the healthy lifestyle education group, 5.7% and 4.9% respectively11. A -2.20 point 

reduction in WOMAC Pain scores was observed for the diet plus exercise group [95% CI (-3.12, -

1.28)]11. Significant improvements were also seen in self-reported WOMAC Function scores, 

24% in the diet plus exercise group and 18% diet-only group11. The diet plus exercise group also 

experienced statistically significant improvements in the 6-minute walk and timed stair climb 

mobility measures. The authors of this study concluded when individuals combine dietary weight 

loss with exercise, they may greatly improve their functioning, pain, and mobility11.  

 The Intensive Diet and Exercise for Arthritis (IDEA) was a single blind, single-center, 

18-month, randomized controlled trial conducted at Wake Forest University and Wake Forest 

School of Medicine between July 2006 and April 2011 with a sample consisting of individuals 

living in or around Winston-Salem, NC who met the following criteria: 55 years of age or older, 

radiographic KL2-3, BMI 27 - 41, experiencing pain from knee OA on most days, and lived a 

sedentary lifestyle12. Messier et al.12 investigated the effect of a 10% reduction or more in body 

mass through diet, paired with exercise and alone, on these overweight and obese adults with 

knee OA. Study participants (n = 454 ) were randomized to either an exercise-only comparison 

group (E), a diet-only group (D), or a group that received a diet and exercise intervention 

(D+E)12. Clinical outcome results are listed below and can be seen in Table 1. 
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Diet and Exercise Group  

 Individuals in the D+E group experienced a statistically significant (p < 0.001) greater 

amount of weight loss [mean -10.6 kg, 95% CI (-14.1, -7.1)] and fat loss [mean 6.5 kg, 95% CI (-

8.6, -4.4)] relative to the D group and the comparison E group. BMI decreased from 33.6 to 30.3 

[SE: 0.3, 0.2 respectively] during this 18-month intervention12. Waist circumferences decreased 

by 7.6 cm from the baseline measurement and was significantly different from the E group (p < 

0.001). Messier et al. also observed improved WOMAC Function and Pain scores in the D+E 

group when compared to the E group and D group, 4.29 points [95% CI (2.07, 6.50)] and 1.13 

points [95% CI (0.44, 1.82)] respectively12. While SF-36 Physical scores also improved [Δ = 8.5 

points], SF-36 mental scores showed no statistical significant difference from baseline. 

Investigators also observed improvements in D+E group 6-Minute Walk distances [Δ = 88.26 

meters].  

Diet Group 

 Investigators found that the D group lost statistically more weight than the E group [8.9 

kg - 9.5% baseline body weight] and observed BMI decrease from 33.7 to 30.7 [SE: 0.3, 0.2 

respectively] over the 18-month intervention. Participants experienced a statistically significant 

waist circumference decrease of 6.95 cm from baseline in comparison to the E group (p < 0.001). 

Subjects in the D group experienced a greater reduction in knee compressive forces than subjects 

in the E group [200 Newtons, 95% CI (55, 345)]12. Investigators also observed improvements in 

WOMAC Pain and Function scores [Δ = 1.78 and 7.58 points respectively], SF-36 Physical 

scores [Δ = 6.48 points], and 6-Minute Walk distances [Δ = 28.95 meters] from baseline 

measurements. SF-36 mental scores did not statistically differ from baseline measurements. 

Exercise Group 

 Participants in the E group lost 1.8 kg - 2.0% of baseline body weight over the 18-month 

intervention; leading to a decrease in BMI from 33.5 to 33.0 [SE: 0.3, 0.2 respectively]. Waist 

circumference decreased by 1.5 cm, WOMAC Pain and Function scores improved from baseline 
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[Δ = 1.4 and 4.5 points respectively, SF-36 Physical scores improved [Δ = 5.28 points], and 6-

Minute Walk distance improved [Δ = 48.87 meters] over the 18-month intervention. 

 
Table 1. IDEA trial clinical outcome results. 

Weight Loss Maintenance 

 Weight loss is difficult to maintain due to psychological, environmental, and biological 

reasons. From a physiological perspective, when losing weight, the body will respond by 

reducing leptin levels, slowing metabolic rate, and suppressing satiety46–48. Few studies have 

examined the effects of long-term weight loss maintenance in individuals with knee OA. 

In a randomized, prospective, parallel-group three-year trial done by Christensen et al., 

individuals with knee OA, who successfully lost 10% of their initial body weight during a 

previous 16-week intervention, were randomized into either an intermittent group (IN) or a 

regular group (RE): intermittent use of a low-energy diet (LED) and daily use of formulated meal 

replacements, respectively14. Every year the subjects in the IN group would undergo three 5-week 

periods of intensive weight loss where they would consume three LED meals daily, totaling 810 

kcal per day, while subjects in the RE group substituted 1-2 meals during the day with formula 

diet products14. The authors found weight increased by 0.68 kg in the IN group and by 1.75 kg in 

the RE group [mean difference of -1.06 kg; 95% CI (-2.75, 0.63)], both less than 5% of baseline 

total weight reduction which is considered to define maintenance of initial weight loss14. While 
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these results did not achieve statistical significance, they may have important clinical applications 

pertaining to how an intervention over three years may help individuals prevent weight regain. 

A prospective cohort study by Bischoff et al.49 investigated the effectiveness of a 52-

week, non-surgical, multidisciplinary weight loss program (OF52) in obese (BMI > 30 kg/m2) 18-

70 year-old individuals without knee OA. Participants received five program phases: 1-week of 

introduction; 12-weeks of low-calorie (800 kcal/day), exclusively formulated, diets with one 

weekly medical examination, one weekly exercise session, two behavior therapy lessons, and two 

nutrition counseling sessions; 6-weeks of reintroducing solid food back into daily diet while 

keeping the same caloric intake (800 kcal/day) as the previous phase, one weekly medical 

examination, one weekly exercise session, two behavior therapy lessons, and one weekly 

nutrition counseling sessions; 7-weeks in which energy intake was gradually increased to allow 

for weight stabilization with three medical examinations, four exercise sessions, four behavior 

therapy lessons, and three nutritional counseling sessions; and a 26-week weight maintenance 

phase in which behavior modification and nutritional education intensified to teach participants 

coping strategies for achieving long-term weight maintenance with six medical examinations, 13 

exercise sessions, 22 behavior therapy lessons, and five nutrition counseling sessions49. Bischoff 

et al.49 analyzed body weight from 301 participants from the original cohort (3.6%) and found 24-

months after the intervention had ended the participants regained 15.1% [95% CI (12.8, 17.4); p < 

0.05] of their lowest recorded body weight and maintained an average weight loss of 5.9 kg 

(4.2%) of baseline weight [95% CI (3.7, 8.1); p < 0.05]49. These results suggest that 

implementing weight maintenance programs during the initial weight loss intervention may aid 

participants in maintaining lower body weights in the long-term after intervention completion. 

Wadden et al. evaluated the long-term effectiveness of an initial weight loss program in 

621 obese (BMI > 30 kg/m2) men and women, without knee OA, over a 5-year period50. 

Participants engaged in a 26-week intervention that consisted of the following protocol: 1-week 

of a 1200 kcal/day diet for women and 1500 kcal/day diet for men of their own choosing; 12 
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weeks of a formulated diet - 420 kcal/day for most women and  800 kcal/day for most men; 7 

weeks of gradually reintroducing solid food back into participants’ daily diets until caloric intake 

reached 1000-1200 kcal/day derived solely from conventional foods; and 7-weeks of consuming 

1200-1500 kcal/day for women and 1500-1800 kcal/day for men of conventional foods - 

participants met weekly with a masters or doctoral-level counselor and a registered dietitian in 

groups between 10 and 12 individuals50. Of the participants who returned for yearly follow-up 

visits: 499 (98%) women and 111 (98.2%) men maintained >10% of their initial weight loss after 

1-year, 217 (43.3%) women and 60 (54.1%) men maintained >10% of their initial weight loss 

after 2-years, 181 (37.8%) women and 40 (45.4%) men maintained >10% of their initial weight 

loss after 3-years, 175 (43.0%) women and 29 (36.4%) men maintained >10% of their initial 

weight loss after 4-years, and 83 (30.2%) women and 18 (28.1%) men maintained >10% of their 

initial weight loss after 5-years50. At the end of the 5-year follow up period, 129 (47.1%) women 

and 38 (59.4%) men were able to maintain >5% of their baseline body weight50. These results 

also support how implementing weight maintenance programs may help individuals maintain a 

percentage of initial weight loss in the long-term.  

Limitations in Current Research 

There are several limitations in the previous weight-loss maintenance research. The 

benefits of weight-loss for adults with knee OA, but very little research has investigated the long-

term maintenance of weight-loss in this population11,12,49,50. Long-term weight-loss maintenance 

trials in adults with knee OA has included periods of supervised weight-loss booster periods 

during the follow-up period13,14. Hence, there is little evidence that knee OA patients can maintain 

weight-loss subsequent to removal of the stimulus, and if there is any lasting benefit to the 

weight-loss, even after regaining some or all of the weight. 
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RATIONALE AND PURPOSE 

 Because the literature on overweight and obese adults with knee OA mainly discuss the 

associations between higher BMI’s and the prevalence of knee OA, with few large-scale studies 

demonstrating the effectiveness of weight-loss in improving mobility, functioning, and reducing 

pain. Even fewer studies discuss the effects of long-term weight loss maintenance in this 

population, with none to the best of our knowledge, involving follow-up studies for the end of a 

weight-loss intervention with no intervention between the termination of treatment and the 

follow-up visit. Therefore, the primary objective of this study is the amount of weight regain or 

loss 2-3 years after the supervised treatment in the 18-month Intensive Diet and Exercise for 

Arthritis (IDEA) study was completed. Secondary objectives include participant retention (90% 

return for testing 2-3 years post intervention), BMI, function, mobility, quality of life, and 

physical activity levels. We will examine the effect of group assignment on the primary and 

secondary objectives, hypothesizing that participants randomized to the weight-loss groups would 

regain some, but not all of their weight, and these participants would experience a regression 

towards baseline in clinical outcome measures. 
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METHODS 

Study Design 

         The Intensive Diet and Exercise for Arthritis (IDEA) study was a single-blinded, 18-

month, randomized controlled trial. This follow up study investigated data 2-3 years after waves 

1-5 of the IDEA study completed their intervention at an average of 57 months since their initial 

randomization into either the Diet and Exercise group, Diet group, or Exercise (comparison) 

group. Ninety-four participants were included, 13 of which completed the follow-up visit (FU57) 

over the phone with trained study personnel. 

Study Timeline 

         This post-trial follow-up study was conducted between 2011 and 2012, 2-3 years after 

participants in waves 1-5 successfully completed the IDEA study between 2008 and 2009. 166 

randomized participants were contacted by phone during a pre-screening visit so a description of 

the follow up study could be administered by a trained IDEA staff member. If the participant 

expressed interest about involvement in the follow-up study, they were then given an eligibility 

questionnaire over the phone. Ninety-four participants were eligible to participate and were then 

scheduled for a testing visit - FU57 (Figure 1). 

Figure 1. Study Design. 
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FU57 Visit 

         After eligibility was confirmed, participants (n = 81) came to Wake Forest University in 

Winston Salem, NC and were given an informed consent by a trained IDEA staff member to read 

and complete. Following consent, study staff obtained the following measures: medical history, 

Western Ontario McMasters Universities Osteoarthritis Index (WOMAC), 6-Minute Walk, 

Physical Activity Scale for the Elderly (PASE), body weight and height, waist circumference, 36-

Item Short Form Survey (SF-36), Short Performance Physical Performance Battery (SPPB), and 

demographic information (Table 2). 

Table 2. Measures collected during the IDEA trial and the FU57 visit. 

 
a Measure taken at a pre-screening visit. 

 
         Participants who were unable to come to the clinic for the scheduled testing visit (n = 13) 

received two copies of the informed consent form in the mail. Study staff contacted the 

participant to confirm receipt of the informed consent form and then proceeded to review the 

form, answering any questions the participant may have had. The participant was asked to then 

sign and date one of the informed consent forms and return it to the study staff in a self-addressed 

stamped envelope, while keeping the second form for their own personal records. Study staff 
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signed and dated the mailed consent form once it was received and documented why there was a 

date discrepancy. A questionnaire packet was then mailed to the participant to complete on their 

own and after they had finished the packet, they mailed it back to the study staff. Upon receipt of 

the questionnaire packet, the study staff then contacted the participant over the phone to review 

their responses to the following information as is seen in Table 2: medical history, WOMAC, 

PASE scale, body weight/height (self-report), SF-36, and demographics. 

Participants 

         The sample consisted of male and female individuals with an average age of 67 years, at 

baseline of the IDEA trial, who successfully completed the IDEA trial in waves 1-5. Individuals 

in wave 6 did not participate in this follow-up study because they would have currently been a 

part of the intervention in the IDEA trial. The individuals lived in or near Winston-Salem, NC 

during the IDEA study. Recruitment for this follow up study focused on a multimedia approach 

with mailing postcards from the IDEA study’s mailing list, advertising in the VITAL newsletter 

distributed by the Pepper Center, and by informing participants in waves 1-5 of this follow up 

study at the IDEA Study Conclusion Presentation. All participants lived within a 30-minute 

driving radius of Wake Forest University. Those interested contacted study staff by phone to hear 

a description of the study and fill out an eligibility form.  

Participants were included if they successfully completed the IDEA trial between 2008 

and 2009 and met the following criteria: Kellgren-Lawrence grade 2 or 3 (mild or moderate) 

radiographic tibiofemoral OA or tibiofemoral plus patellofemoral OA of one or both knees, pain 

on most days due to knee OA, a BMI between 27 and 41, and engaged in a sedentary lifestyle (< 

30 minutes per week of formal exercise for the past 6 months). Individuals were excluded from 

this follow up study if they were enrolled in waves 6-10 of the IDEA trial, or met the following 

criteria during screening for the parent trial: severe manifestations of coronary heart disease after 

an initial symptom-limited maximum exercise stress test, a BMI < 27.0 or > 41.0, knee or hip 

replacement, younger than 55 years, receiving knee injections, a part of another ongoing research 



 

 21

study, current knee surgery, no knee pain, needing help to walk, unwilling to stop taking 

medication, difficulty with activities of daily living, unwilling to take meal replacements, 

treatment for cancer, leaving the area for > 3 months, needing help with knee-related activities, or 

had 21 or more alcoholic drinks per week12.  
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DATA 

 All forms and questionnaires utilized in the IDEA Follow-Up Study can be found in 

Appendix B. 

Medical History 

         The participants answered a 24-question health-related questionnaire about current and 

past tobacco/alcohol use, current status of comorbid conditions, surgical procedures including 

knee replacements and knee injections since completion of the IDEA study, number and reasons 

for hospitalizations since completion of the IDEA study, and intentional/unintentional weight loss 

since completion of the IDEA study. 

Western Ontario McMasters Universities Osteoarthritis Index (WOMAC) Osteoarthritis 

Index 

The WOMAC Osteoarthritis Index Version LK3.0 is designed to assess self-reported 

pain, stiffness, and physical function in individuals with knee OA. This 24-item questionnaire 

consists of three subscales: Pain - 5 items, Stiffness - 2 items, and Physical Function - 17 items. 

The score range is 0-20 for Pain, 0-8 for Stiffness, and 0-68 for Physical Function. This version 

asks participants to indicate on a scale of 0 to 4 (none, mild, moderate, severe, and extreme) the 

degree of difficulty they experienced while performing activities of daily living during the last 48 

hours due to their knee OA. Individual scores for the 24 items are totaled to calculate a summary 

score which may range from 0 to 96, with higher scores indicating poorer functioning. 

The Osteoarthritis Research Society International (OARSI) recommends the WOMAC 

Index to assess the health status and outcomes of adults with knee OA51. Interventions have 

utilized and validated the WOMAC Index as a tri-dimensional measure because it is sensitive to 

the changes in the health status of patients with knee OA52–54.  

Mobility 

To assess mobility, the patients completed the 6-Minute Walk Test. The participant 

walked as far as possible on an established indoor, flat, course in six minutes. Participants were 
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instructed to walk down the course and to turn tightly around the cone marking the 15-meter 

mark, as to avoid adding on too much distance. They walked back as safely and as quickly as they 

could in the direction in which they began, turned tightly around the cone on the other end of the 

course, and continued this process until the test proctor told them to stop. No encouragement was 

provided to the participant during this test from the study staff. Once the participant completed 

the test, study staff will used a measuring wheel to measure the total distance covered in the last 

lap. This measure is related to symptom-limited maximal oxygen consumption (r = 0.53) with a 

three month test-retest reliability of 0.86 - 0.9455,56.  

Physical Activity Scale for the Elderly (PASE) 

The PASE scale measures physical activity under three domains: leisure time activity - 

24 questions, household activity - 3 questions, and work-related activity - 1 question. The total 

PASE score range is between 0-400 points and is computed by multiplying activity weights by 

activity frequencies. In a 1993 study examining the validity of the PASE scale in older adults, 

Washburn et al. reported a test-retest reliability of 0.75 and concluded this scale is a reliable and 

valid instrument for assessing physical activity levels in older adults57.  

Anthropometric Measurements 

Participant body weight was measured using a Detecto Beam Eye Level Scale (Webb 

City, MO U.S.A.) by a trained IDEA staff member to the nearest 0.1 kilogram. Participant height 

was measured using the Seca 216 Wall-Mounted Height Measuring Instrument (Hamburg, 

Germany) to the nearest 0.5 centimeter by a trained IDEA staff member at Wake Forest 

University. Participants who could not attend the FU57 visit measured themselves at home and 

informed an IDEA staff member of their recorded weight and height values. BMI was calculated 

by IDEA staff members by taking the participants’ recorded weight in kilograms (kg) and 

dividing it by their height in meters (m) squared (kg/m2). 

Study staff measured participants’ waists by using a body circumference measuring tool. 

IDEA staff members would locate the midpoint between the participants’ right and left iliac crest 
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and 12th rib, then using these landmarks they would measure the participants’ waist 

circumference. The value utilized in analysis had to be matched twice, therefore two 

measurements were taken and if the values were off by more than 1.0 centimeter, they would take 

a third measurement to match it to either of the previous two.  

36-Item Health Survey (SF-36) 

        The SF-36 is a generic measure of health status and health-related quality of life that 

consists of two normed-based composite T-scales, mental health and physical function, and eight 

subscales: physical functioning, mental health, role-physical, role-emotional, bodily pain, general 

health, vitality, and social functioning58. Each item in the SF-36 is scored on a 0 to 100 range, 

higher numbers defining more favorable health states. This measure has been carefully validated 

and is considered a reliable measure of mental and physical health in older adults58,59.  

Short Physical Performance Battery (SPPB) 

         The SPPB is a common test used to measure mobility in older adults. It consists of 

balance tests [side-by-side stand (0-1 points), semi-tandem stand (0-1 points), and tandem stand 

(0-2 points)], gait speed tests [first 4-meter walk test and second 4-meter walk test (0-4 points)], 

and chair stand tests [single chair stand test and repeated chair stand test (0-4 points)]. If a 

participant cannot hold a balance test for ≥ 10 seconds, they would receive a 1.0-point reduction. 

For the 4-meter walk tests, if the participant is unable to perform the test they receive 0 points, ≥ 

8.7 seconds they would receive 1.0 point, 6.21 – 8.70 seconds they would earn 2.0 points, 4.82 – 

6.20 seconds they would receive 3.0 points, and if their time was ≤ 4.82 seconds they would earn 

4.0 points. For the chair stand test, 0 points were given if > 60 seconds, 1.0 point was given if ≥ 

16.70 seconds, 2.0 points were given if completed between 13.7 – 16.69 seconds, 3.0 points were 

awarded if performed between 11.20 – 13.69 seconds, and 4.0 points were given if completed ≤ 

11.19 seconds. A summary score is calculated with a higher score indicating better physical 

functioning. This measure has been validated and is considered a reliable method of measuring 

physical functioning in older adults with knee osteoarthritis61. 
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STATISTICAL ANALYSIS 

To investigate if the sample in this follow-up pilot study was representative of all 

individuals in the IDEA study, we utilized independent t-tests and �2 tests to identify the 

differences among continuous and categorical, respectively, baseline characteristics between 

those who did and did not attend the FU57 visit. 

The effect of the intervention on body weight, BMI, waist circumference, walk speed, 

PASE, SPPB, 6-Minute Walk distance, SF-36 Physical and Mental subscales, and WOMAC Pain, 

Function, and Stiffness were determined using mixed model regression analyses with main 

effects of treatment assignment, visit, and treatment by visit interaction, adjusted for IDEA 

randomization stratification factors (sex and baseline BMI) as well as baseline estimates of 

outcomes when available. Statistical analyses included all follow-up data from baseline 

measurements and visit specific estimates were produced using contrast statements. The 

intervention effects were reported using mean estimates with standard errors and 95% confidence 

intervals (95% CI) at each follow-up visit. Within-group changes were also reported using mean 

estimates with standard error. Pairwise comparisons assessed the differences between the groups 

at the FU18 and FU57 visits. 

We performed sensitivity analyses for potential bias due to missing data by running a 

multiple imputation for the 454 randomized individuals in the IDEA study. All statistical analyses 

were performed using SAS version 9.4 and a Type 1 error rate of 0.05 for overall treatment 

comparisons, and pairwise comparisons performed at a 0.0167 level. 
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RESULTS 

Baseline Tests for Equivalence 

         Of the 166 participants in Waves 1-5 of the IDEA trial, 51% (94 participants) completed 

the IDEA Follow-Up Pilot Study, which did not meet the retention objective of 90%. This was a 

fairly representative sample of all participants enrolled in the IDEA trial, with the exception of 

age. At baseline, participants who only completed the IDEA FU18 visit were significantly 

younger [65.1 years, 95% CI (55.1,83.4)] than those who came back for FU57 [67.4 years, 95% 

CI (55.7, 84.1); P ≤ 0.0016]. 

         When comparing participants who only completed FU18 to participants who continued 

onto FU57, equivalence was met in all measurements except for baseline SPPB scores. 

Participants who only completed FU18 had a SPPB score of 11.0 [95% CI (4.0, 12.0)] and 

participants who completed FU57 had a SPPB score of 10.6 [95% CI (7.0, 12.0); P ≤ 0.03]. 

Presentation of Results 

 The presentation of results includes between-group differences at FU57, within-group 

changes from FU18 to FU57, and within-group changes from baseline to FU57. Between-group 

FU57 results indicate if group differences remained 2-3 years after the IDEA trial; if a significant 

difference was identified at the FU57 visit, a post hoc pairwise comparison analysis was 

performed to determine which group or groups differed. We compared within-group changes 

from FU18 to FU57 to determine the magnitude of the change once the stimulus (intervention) 

was removed; if a significant change was identified from FU18 to FU57, another post hoc 

pairwise comparison analysis was performed to determine which group or groups differed 

(Supplemental Table 1). Finally, within-group changes from baseline to FU57 were examined to 

determine the long-term benefits or harm from participation in the IDEA trial.  

Weight 

 There were no significant between-group differences in body weight at the FU57 visit 

(Figure 2). Weight had regressed in the two diet groups such that the differences in weight-loss 
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relative to the E-only group during IDEA were absent by FU57. Within-group changes from 

FU18 to FU57 indicate the D-only group regained weight at a rate of 0.08 kg/month (3.7%, 3.1 

kg), the D+E group significantly regained 0.15 kg/month (7.0%, 5.8 kg), and the E-only group 

had a weight-loss of 0.03 kg/month (1.1%, 0.98 kg) (Figure 2). Pairwise comparisons for weight 

change between FU18 and FU57 indicated a significantly greater increase in weight regain for the 

D-only (4.1 kg), and D+E (6.8 kg) groups relative to the E-only group. There was no difference 

between the D-only and D+E groups (Table 3). From baseline to FU57, weight-loss for the D-

only group was 6% (5.7 kg), for the D+E group it was 3.7% (3.5 kg), and for the E-only group it 

was 2.4% (2.3kg) (Figure 2).  
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Table 3. Pairwise comparisons of treatment groups from FU18 to FU57a 

Comparisons of the change in outcomes between FU18 and FU57 between-groups. 
a Statistically significant differences (P ≤ 0.0167) 

b Mean difference between pair 
 

BMI 

 
 There were no significant between-group differences in BMI at FU57 (Figure 3). Within-

group changes from FU18 to FU57 indicate that BMI significantly increased in the D-only (3.7%, 

1.1 kg/m2), and D+E (7.1%, 2.2 kg/m2) groups, while BMI in the E-only group reduced by -1.2% 

(-0.4 kg/m2). Pairwise comparisons in the change in BMI from FU18 to FU57 revealed 

significantly greater change in BMI for the D-only (1.5 kg/m2), and D+E (2.5 kg/m2) groups 

relative to the E-only group. There was no significant difference in the change in BMI between 

the D+E and D-only groups. (Table 3). Within-group changes from baseline to FU57 include a 

significant -5.3% (-1.8 kg/m2) decrease in the D-only group, a -3.4% (-1.1 kg/m2) reduction for 

the D+E group, and a -2.7% (-0.9 kg/m2) reduction in the E-only group (Figure 3).  
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Waist Circumference 

 After adjusting for sex and baseline BMI, the D-only group had a significantly smaller 

waist circumference (101.1 cm) at FU57 than the D+E (107.0 cm), and E-only (106.4 cm) groups 

(Figure 4). Post hoc pairwise comparisons at the FU57 visit indicate significant differences in the 

D-only group relative to the D+E, and E-only groups (P = 0.0006 and P = 0.0015, respectively), 

whereas differences in the D+E group compared to the E-only group were nonsignificant (P = 

0.70). Within-group changes from FU18 to FU57 indicate an increase in the D-only group of 

1.0% (1.0 cm), a 7.9% (8.4 cm – 0.2 cm/month) increase in the D+E group, and an increase in the 

E-only group of 1.3% (1.3 cm) (Figure 4). Post hoc pairwise comparisons from FU18 to FU57 

reveal that the D+E group’s waist circumference significantly (p < 0.0001) increased 7.1 cm more 

than in the E-only group (Table 3). Similarly, the D+E group’s waist circumference increased 7.4 

cm relative to the D-only group (p < 0.0001); however, there was no significant difference in 

change in waist circumference between the D-only and E-only groups. (Table 3). From baseline, 
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participants in the D-only group reduced their waist circumference by -5.6% (-6.0 cm), the D+E 

group experienced a 0.8% (0.8 cm) increase, while the E-only group reduced waist circumference 

by 0.2% (0.2 cm) (Figure 4).  

 
 

WOMAC Pain 

 At the FU57 visit, there were no significant differences in pain between-groups when 

adjusting for sex and baseline BMI (Figure 5). Within-group changes from FU18 to FU57 for the 

D-only group was 0.2% (0.02 points), for the D+E group was 55.3% (1.9 points), and 4.8% (0.3 

points) for the E-only group (Figure 5). Post hoc pairwise comparisons of the change in WOMAC 

Pain scores from FU18 to FU57 between-groups revealed that the D+E group increased pain 

relative to the E-only group (1.7-point difference, P = 0.02) and the D-only group (1.9 points, P 

=0.008) (Table 3). There was no statistical difference between the D-only and E-only groups. The 
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difference in pain from baseline to FU57 was a -26.6% (-1.6-point) decrease in the D-only group, 

a -19.2% (-1.3-point) decrease in the D+E group, and a -18.5% (-1.1 point) decrease in the E-only 

group (Figure 5). 

 

WOMAC Function 

 There were no significant differences in function between groups at the FU57 visit 

(Figure 5). Within-group change from FU18 to FU57 was 3.9% (0.68 points) for the D-only 

group and the 4.7% (0.9 points) for the E-only group; however, the D+E group significantly 

increased by 32.6% (4.4 points) (Figure 6). Post hoc pairwise comparisons of the changes in 

WOMAC Function scores from FU18 to FU57 indicated no significant differences between 

groups (Table 3). From baseline to FU57, the D-only group decreased (improved function) scores 

by -27.8% (-6.9 points), the D+E group reduced their score by -27.3% (-6.7 points), and the E-

only group decreased their score by -15.8% (-3.7 points) (Figure 6).  
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WOMAC Stiffness 

 There were no significant between-group differences at the FU57 visit among the D-only, 

D+E, and E-only groups (Figure 6). Within-group changes in stiffness from FU18 to FU57 

include a 27.5% (0.8 point) increase for the D+E group and modest changes in the Diet and E-

only groups (Figure 7). Post hoc pairwise comparisons of the change in WOMAC Stiffness scores 

from FU18 to FU57 revealed that the D+E group had significantly more stiffness than the D-only 

group (0.9 points, P = 0.008) (Table 3). There were no significant differences between the Diet, 

and D+E groups relative to the E-only group (Table 3). From baseline to FU57 the D-only group 

decreased stiffness by 22.1% (0.8 points) while the other two groups did not substantially change 

(Figure 7).  
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SF-36 Physical 

 After adjusting for sex and baseline BMI, there were no significant differences between 

groups at the FU57 visit (Figure 8). Within-group change from FU18 to FU57 include a decrease 

of -12.8% (-5.8 points) in the D+E group, a reduction of -11.2% (-4.7 points) in the E-only group, 

and the D-only group reduced by -3.1% (-1.3 points) (Figure 8). Post hoc pairwise comparisons 

from FU18 to FU57 revealed the D+E group’s scores decreased 4.5 points more than in the D-

only group. There were no significant differences in change between the D-only and D+E groups 

relative to the E-only group (Table 3). From baseline to FU57 the D-only group significantly 

increased their score by 14.3% (5.1 points) while the D+E (7.7%, 2.8 points), and E-only (1.4%, 

0.5 points) groups did not change (Figure 8). 
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SF-36 Mental 

 There were no significant between-group differences at the FU57 visit among the D-only, 

D+E, and E-only groups in the SF-36 Mental component score (Figure 9). Similarly, within-

group changes were nonsignificant among all treatment groups from FU18 to FU57, and baseline 

to FU57 (Figure 9).  
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6-Minute Walk 

 There were no significant differences in 6-Minute Walk distance between groups at the 

FU57 visit after adjusting for sex and baseline BMI (Figure 10). Within-group differences from 

FU18 to FU57 for the 6-Minute Walk Test include decreases in the D-only group (-11.4%, -57.3 

meters), the D+E group (-19.9%, -110.2 meters), and the E-only group (-9.9%, -52.2 meters) 

(Figure 10). Post hoc pairwise comparisons from FU18 to FU57 reveal that the D+E group’s 6-

Minute Walk distance decreased relative to the Exercise, and D-only groups (-34.7 meters and -

41.4 meters, respectively) (Table 3). There was no significant difference in change in 6-Minute 

Walk distance between the D-only and E-only groups (Table 3). Within-group changes from 

baseline to FU57 included decreases in the D-only group (6.0%, 28.4 meters), the D+E group 

(2.2%, 10.5 meters), and the E-only group (3.2%, 15.2 meters) (Figure 10).  
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SPPB 

 When adjusting for sex and baseline BMI, the D+E group had a significantly lower SPPB 

score (10.0-points) at FU57 than the D-only and E-only groups (10.8 points and 10.8 points, 

respectively, P = 0.048) (Figure 11). Post hoc pairwise comparison analysis revealed the 

following: D-only group relative to the D+E, and E-only groups (P = 0.27 and P = 0.94, 

respectively), and D+E group relative to the E-only group (P = 0.04). Therefore, the SPPB 

comparison at FU57 was borderline – the overall treatment effect is significant but the pairwise 

comparisons did not achieve the P ≤ 0.0167 threshold. Significant within-group reductions in 

SPPB scores from FU18 to FU57 for the D-only group were 4.9% (0.6 points), 14.3% (1.7 points) 

for the D+E group, and 4.9% (0.6 points) for the E-only group (Figure 11). Further pairwise 

comparisons identified a significantly lower SPPB score for the D+E group relative to the D-only 

(1.1 points), and E-only groups (1.1 points) from FU18 to FU57 (Table 3). No significant changes 
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were observed in the D-only group relative to the E-only group (Table 3). Within-group 

differences from baseline to FU57 decreased in the D+E group (-6.7%, -0.7 points), the D-only 

group (-1.8%, -0.2 points), and the E-only group (-1.8%, -0.2 points) (Figure 11). 

 

PASE 

 There were no significant between-group differences at the FU57 visit among the D-only, 

D+E, and E-only groups (Figure 12). Within-group changes from FU18 to FU57 decreased by 

18.0% (25.8 points) in the E-only group and were nonsignificant in the D-only group and the 

D+E group (Figure 12). No statistical significance was revealed by pairwise comparisons, from 

FU18 to FU57, of the PASE scale for any of the treatment groups (Table 3). PASE scores from 

baseline to FU57 increased in the D-only group (0.3%, 0.4 points), the D+E group (11.2%, 13.0 

points), and the E-only group (6.2%, 6.9 points) (Figure 12).  
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DISCUSSION 

 The purpose of this study was to document the changes in clinical outcomes measured in 

the IDEA trial 2-3 years after participants in waves 1-5 completed the final testing visit at the 18-

month follow-up. Between-group comparisons at FU57 were primary, followed by within-group 

longitudinal changes from baseline and FU18 to FU57. The primary analysis determined whether 

the significant clinical impact of a 10% weight-loss combined with moderate exercise for an 18-

month intervention was still present 2-3 years after study completion relative to either 

intervention alone. The within-group analyses determined the magnitude of the loss/gain in 

clinical outcomes participants experienced after completing the IDEA trial and whether there was 

any lasting benefit of participating in IDEA 2-3 years later. 

  Wadden et al.50 performed a 3-year follow-up study on an initial 26-week weight-loss 

intervention utilizing very low energy diets. The authors reported that 47% of their sample 

regained ≥ 5% of their weight-loss and 65% regained ≥ 10% of their weight-loss following the 

termination of the intervention. In contrast, three years following a 52-week intervention, 

Christensen et al.14 found a majority of participants maintained their weight-loss. However, unlike 

the previous study, participants were actively engaged in very low energy diets periodically 

throughout the follow-up period. Our results indicate that the D+E and D-only groups’ 10% 

weight-loss had regressed by FU57 such that there was no longer any statistically significant 

difference in body weight relative to the Exercise comparison group. This result further supports 

the findings by Wing et al.62 who documented a high rate (80%) of weight regain among 

participants previously involved in an intentional weight-loss intervention 1-year prior.  

Despite all groups’ body weight being statistically similar at FU57, the Diet group 

maintained approximately 60% of their weight-loss, nearly double what the D+E group achieved. 

An in-vivo animal study by Pighon et al.63 performed a weight-loss program that utilized a food-

restricted diet (FR) and exercise (EX) - in ovariectomized rats for 8-weeks then sub-divided them 

into the following groups for a 5-week period: normal diet without EX, normal diet with EX, and 
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FR-only group. They found that the rats in the FR-only group better preserved their weight loss 

and maintenance of outcome levels (reduced fat mass and liver triglycerides) after the initial 

weight-loss period, relative to the other groups63.  

Long-term adherence to behavior change is difficult for many reasons, especially when 

trying to maintain more than one behavior change at a time64. After the culmination of the IDEA 

trial, it is possible that participants experienced fewer motivating factors for behavior 

maintenance, had fewer available psychological and physical resources resulting in a 

discontinuation of an established habit, were no longer held accountable for monitoring their 

behaviors, and the supportive environment for their behavior change was absent64–66. The D+E 

group had to maintain two behavior changes which may have affected them more than the D-only 

and E-only groups who were attempting to maintain one behavior change.  

Nearly all the benefits associated with participant weight-loss in the IDEA trial were 

absent by the FU57 visit (Figures 4-8, 10-12). While initial weight loss reduces fat mass, it also 

reduces lean mass12. This is associated with muscle weakness, greater risk of injury, and loss of 

mobility-related independence67. Weight regain is predominately fat mass, leaving individuals 

with lower levels of lean mass than prior to their initial weight-loss68,69. A waist circumference 

increase ≥ 5.0 cm is associated with an increase in all-cause mortality and cardiovascular disease 

(CVD) risk70. Although the D+E group had the greatest improvements in clinical outcomes in the 

IDEA trial, 2-3 years after completion they may be at the greatest risk for CVD and mortality due 

to the 8.4 cm increase in waist circumference. The detrimental effect of such a rapid increase in 

waist circumference is tempered somewhat by the 0.8 cm increase relative to baseline.  

Pham et al.71 created a set of responder criteria, based upon data from clinical, 

randomized, placebo-controlled trials that identified a ≥ 20% improvement in WOMAC Pain and 

Function scores as clinically significant for individuals with knee OA. While the Diet and 

Exercise group had the greatest improvements in WOMAC Pain and Function scores at the end of 

the IDEA trial, at FU57 this group no longer had a clinically meaningful reduction in pain or 
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improvement in function relative to either intervention alone (Figures 5 and 6). Despite the lack 

of statistically significant differences among groups at the FU57 visit, the Diet group still met the 

necessary criteria for a clinically meaningful improvement by retaining 27% and 28% 

improvements in pain and function relative to baseline. Weight-loss has a positive impact on pain 

and function12,72. Specifically, Christensen et al. investigated the magnitude of weight-loss and its 

effect on WOMAC Pain and Function scores - for every 1.0% body weight loss there is a 3.0% 

improvement in WOMAC Pain and Function73. While our results seem to support these findings, 

we cannot conclude that our participants’ weight-loss caused this decrease in their pain and 

function. 

While the change in SF-36 Physical scores in the D-only group were modest from the end 

of the IDEA trial to the FU57 visit, the D+E and E-only groups significantly regressed towards 

baseline. The greatest amount of weight regained occurred in the D+E group. A prospective 

cohort study by Pan et al. associated increases in body weight with decreases in the SF-36 

Physical component score74. Once again, despite our results seeming to support these findings, we 

cannot determine that the weight regained in the D+E group caused the decrease in their SF-36 

Physical scores.  

The 6-Minute Walk distance and SPPB scores regressed toward baseline levels with the 

D+E group having the greatest amount of decline compared to the D-only and E-only groups 

(Figures 10 and 11). Weight reduction results in improved mobility; since the D+E group 

regained the most weight, it follows that they experienced the greatest decline in 6-Minute Walk 

distance; from 110 meters to 52 meters, a decline of 57 meters12,75. A clinically meaningful 

difference in 6-Minute Walk distance is, between, 50-84 meters; therefore, the reduction in 6-

Minute Walk distances in all groups could potentially have negative clinical implications76. 

Values at FU57 were below normative values for healthy older adults76,77.  

Among all groups, there was a reduction in PASE scores from FU18 to FU57, with only 

the E-only group experiencing a significant decrease of 12.7% (Figure 12). Decline in muscle-
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strength, aerobic capacity, and loss of flexibility, all contribute to an age-related decline in 

physical activity levels78. However, the two exercise groups benefited slightly in physical activity 

levels from IDEA participation with FU57 PASE score remaining above baseline values.  

Limitations 

This study had several limitations. Of the 166 participants contacted, 57% (94) 

participated in this follow-up study. Tests for equivalence at baseline determined that individuals 

who did return were representative of all members in the IDEA trial, including loss to follow-up 

participants, as well as just those who completed the FU18 visit. There was sufficient power 

within this sample size. Due to the exploratory nature of this study and the potential it has to lay 

the groundwork for a future clinical trial, the sample size in each treatment group meets the 

recommended amount for a future main trial designed with 90% power at the 0.05 significance 

level with small (0.2) standardized effect sizes79. 

Study staff did not perform waist circumference, 6-Minute Walk, or SPPB on 13 

individuals for the FU57 visit because they opted to do the follow-up visit via the phone. 

Furthermore, these participants gave self-reported weights and heights, thereby increasing the 

chance of response bias. 

This follow-up study did not have the sophisticated measures of body composition 

available in the IDEA trial. More detailed information on the body composition changes that 

occured post intervention would have provided more insight as to how much lean mass was lost, 

and fat mass was accumulated, 2-3 years after the IDEA trial.  

Post hoc pairwise comparison analysis utilized the Bonferroni test when testing for 

statistical significance (at the 0.0167 level) after treatment effects had identified a significant 

difference at the 0.05 level, versus the Tukey Honestly Significant Difference (HSD) test. Both 

tests help to protect against type 1 error, but the Bonferroni test is more conservative than the 

Tukey HSD test. This may be the reason for the SPPB scores reporting a significant treatment 

effect difference but not achieving significance with pairwise comparisons. 
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Lastly, the WEL Questionnaire was only collected at the FU57 visit. If this questionnaire 

had been implemented earlier in the study, it could have provided further valuable information on 

self-efficacy levels throughout the IDEA trial’s intervention and then data at the long-term 

follow-up visit. Future studies should include this measure, as well as other psychosocial 

measures because of its important effects on weight-loss and clinical outcomes80,81.  

Conclusions 

 Many of the benefits achieved by the D-only and D+E groups relative to the E-only 

group in the IDEA trial were no longer present by FU57. Although the D-only and D+E groups 

regressed more quickly than the E-only group, a regression occurred across all groups. However, 

relative to baseline IDEA trial values, all three groups made modest improvements. The D-only 

group retained the greatest amount of weight-loss, preserving 60% of the weight-loss achieved in 

IDEA 2-3 years after the intervention ended. Our hypothesis was correct; after examining the 

effect of group assignment, participants randomized to the weight-loss groups regained some of 

their weight and experienced a regression toward baseline in clinical outcome measures. 

Ultimately, while the D+E group experienced the greatest improvements in clinical outcomes 

during the IDEA trial, they regressed such that there were no longer any statistical difference in 

clinical outcomes between-groups 2-3 years later. 
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APPENDIX A 

Supplemental Table 1. Pairwise comparisons at the FU57 visit. 
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APPENDIX B 

 

 

Forms & Questionnaires 

 
Eligibility/Contact Form 

 
Data Collection Visit: This form will be used at the pre-screening visit.  This will be done over 
the phone.   
 
Purpose: Individuals who previously participated in IDEA and who have indicated they wish to 
be contacted about future studies will be contacted and given information about the study.  Those 
interested will be scheduled for an appointment and their updated contact information will be 
recorded on this form.  If a person is not interested the reason for disinterest will be listed and no 
further contact information will be recorded. 
 
 
 
 

Eligibility/Contact Form  

 

• Describe the study to the participant.  If the participant is interested in participating 
complete the contact form.  If not interested please list the reason as to why. 

 
Participant Name:  ______________________________________ 
 
Participant Contact Number(s):  _________________          

  

_________________    

 

If interested, record participant’s information here: 

 

Address: _________________________________________  

 

_________________________________________ 

     

______________________________________________ 

 

Appt Date/time ______________________________________________ 

 

Ineligibility Form 
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If not interested, list reason: 

1 □ Too busy   
2 □ Health 
3 □ Not Interested in Research 
3 □ Other ______________ (please specify) 

Medical History Form 

 
Data Collection Visit: This form will be mailed to the participant.  Participant will return the 
form with them at the screening visit. 
 
Purpose: Form will provide information regarding the patient’s medical history.  

Questionnaire Instructions – Health Section 

Thank you for your interest in participating in our study.  The following questions are designed to 

assess your overall health.  Please answer each question to the best of your ability.  We ask that 

you try not to skip any questions or write in any answers that are not given as choices for that 

particular question. There are no “right” or “wrong” answers for any of the questions, so please 

be honest in answering all questions.   

 We encourage you not to spend too much time on any single question.  Please go with 
your first instinct in answering most of the questions, as many of the questions ask you to state 
your opinion.  Thank you again for your time.  All responses will be kept completely confidential. 
 
 
1. Have you ever smoked cigarettes regularly?  

         
1□Yes    
0 □ No 

If you answered yes to question 1, please  
answer questions 2-6.  If you answered  
no, go to question 7. 

2. How old were you when you began  

      smoking cigarettes regularly?        
  ____ ____ years 
 
3. Do you now smoke cigarettes? If Yes,  

answer question 4 If No, skip to question 5. 
            
 1□Yes    

0 □ No 

4. On an average day, how many        



 

 57

      cigarettes do you smoke? (go to question 7).      
 ____ ____ cigarettes/day   
 
5. When you WERE smoking, on an average  

      day, how many cigarettes did you smoke?      
 ____ ____ cigarettes/day 

 
6. How old were you when you quit smoking?      
 ____ ____ years 

7. Do you presently use any forms of tobacco  

other than cigarettes?   
1□Yes            

 0 □ No 

If you answered yes to question 7, please   

answer question 8.  If you answered  
no, go to question 9.   
 
8. What other forms do you use?         
  1□ Cigars  

2□ Cigarillos  
  3□ Pipe tobacco 
  4□ Chewing tobacco  

5□ Snuff 
6□ Other ________________ 

     
9. Have you ever drunk alcohol?         
  1□Yes   

2 □ No 
 
If no, go to 12 
 
10. Do you drink alcohol now?         
  1□Yes    

2 □ No 
If no, go to12  
 
11.  How often do you drink alcohol?  
            
  1□ Never  

2□ Less than once a month  

3 □ 2–3 times a month 
4□ Once a week 

5□ Twice a week 
6□ 3–4 times a week 
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7□ Nearly every day 
8□ Everyday 

12. Have you experienced any of the following  
      problems in the last 3 months? 
 

A. Worsening or flare up arthritis     
 1□Yes    

2 □ No 
 

  B. Chest pain, shortness of breath or  
    other breathing difficulties?        

  1□Yes    
2 □ No 

 
C. Injuries or falls?         

  1□Yes    
2 □ No 

         
D. Any other major health problems?  

1□Yes, please describe ______________ 
2 □ No 

13. Have you ever been told by a healthcare  
provider that you have any of the following  
problems related to your heart or circulation?   

 
a.  Heart Attack           
   1□Yes   2 □ No 
b. Heart Failure           
   1□Yes   2 □ No 
c. High cholesterol          
   1□Yes   2 □ No 
d. Angina           
   1□Yes  2 □ No 
e. Palpitations, irregular/rapid heart rate        
   1□Yes  2 □ No 
f.  Poor circulation of your legs (arterial insufficiency)      

1□Yes  2 □ No  
g. Coronary Artery Disease          
   1□Yes 2 □ No 
h.Stroke/TIA (Transient ischemic attacks or “mini strokes”)    

1□Yes  2 □ No  
i. Parkinson’s Disease          
   1□Yes  2 □ No 
 
14. Have you ever been told by a healthcare provider  
      that you have high blood pressure?  

If no, skip to question 15.        
  1□Yes    

2 □ No 
 
A. How many years ago were you told that 
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  you have high blood pressure?        
 ____ ____ years ago 
   
B. Do you now take medication for your 
    high blood pressure?           
  1□Yes    

2 □ No 
 
15. Have you ever been told by a healthcare provider  
      that you have cancer?         
  1□Yes    

2 □ No 
 

 A.  If yes what type?         
  □ Breast  

□ Non-Hodgkin's Lymphoma 
            
  □ Prostate 

□ Colon and Rectal 
□ Lung 
□ Skin (Non-melanoma) 
□ Other ________________  

 
16. Are you currently receiving treatment for: 

 
a. Diabetes          

1□Yes    

2 □ No 
 

b. Kidney Disease/Severe Renal Insufficiency     
 1□Yes    

2 □ No           
       

c. Liver Disease          
 1□Yes    

 2 □ No 
       

d. Osteoporosis          
 1□Yes    

2 □ No 
       

e. Multiple sclerosis          
 1□Yes    

 2 □ No 
      f. Emphysema, Bronchitis, Asthma,  
         breathing problems, or lung problems       
 1□Yes    

 2 □ No 
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      g. Anemia           
 1□Yes    

2 □ No 
       
      h.Arthritis of any joint         
 1□Yes   

2 □ No 
 
i. If yes, where?         
 1□ Knees 

2□ Hips 
  3□ Fingers 
  4□ Spine 

5□ Ankles 
6□ Other   ____________________ 

 
ii. What type is it?         
 1□ Osteoarthritis   

2 □ Rheumatoid arthritis 
3 □ Don’t know 
 

17. Have you been treated in the last 5 years  

      by a health care professional for any of the    

following: 
 

A. Major depression          
  1□Yes    

2 □ No 
 

 B. Manic depressive illness         
  1□Yes    

2 □ No 
  

C. Schizophrenia         
  1□Yes    

2 □ No 
 
18. Have you had any of the following procedures since completing the IDEA Study (Date will 
be entered here)? 

 
a. Joint Injection (cortisone, hyaluronic acid, etc.)    

1□ Yes           
 2□No 

 
If yes, 
 

Date (MM/DD/YYYY) Joint (Hip, Knee, Etc.) Side (Right/Left) 
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b. Joint replacement surgery         
  1□ Yes  
  2 □ No 

If yes, 
 

Date (MM/DD/YYYY) Joint (Hip, Knee, Etc.) Side (Right/Left) 

   

   

   

   

 
 
c. Joint surgery other than joint replacement (arthroscopic, ACL repair, meniscus surgery) 
            
   1□Yes 
   2 □ No 
 
 

 If yes, 
 

Date (MM/DD/YYYY) Type of 

Surgery 

Joint (Hip, 

Knee, Etc.) 

Side (Right/Left) 

    

    

    

    

 
19. Have you been hospitalized for any reason since completing the IDEA Study (Date will be 
entered here)?          

1□Yes    
            
    2 □ No 
 
 
If you answered yes to question 19, please answer the 
following questions (20-23, if applicable) regarding the  
reason and the month and year of the hospitalisation. Describe 
visits in chronological order (most recent visit first). 
 
20. Hospitalization (most recent visit) 
 
 A. Reason _____________________ 
 
 B. Date  __ __ / __ __ / __ __ __  
       M  M   D  D     Y  Y   Y  Y 
21.  Hospitalization 2 
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A. Reason  _________________ 

  
 B. Date  __ __ / __ __ / __ __ __ __ 
       M  M   D  D     Y  Y   Y  Y 

  
22. Hospitalization 3 (oldest) 
 

A. Reason  _________________ 
 
 B. Date  __ __ / __ __ / __ __ __ __ 
       M  M   D  D     Y  Y   Y  Y 
 
 
 
23. Have you actively been trying to lose weight since  
your participation in IDEA?         
   1□Yes   2 □ No 
 

 

24. Have you had an extended  illness that has caused you to lose  

weight since completing IDEA?         
   1□Yes   2 □ No 

WOMAC Form 

 
Data Collection Visit: This form will be given to the participant at the Follow-up Visits (FU1).  
 
Purpose: This questionnaire will request information about pain, stiffness, and difficulty 
performing tasks as related to knee osteoarthritis.      
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WOMAC OSTEOARTHRITIS INDEX VERSION LK3.0 

Instructions:  In Section A, B, and C, Questions will be asked in the following format. Please 

indicate your answer by marking an “X” inside the box located below the answer options.  

1. Example: If you put your “X” in the left-hand box, i.e. 

 

None Mild Moderate Severe Extreme 

X     

  Then you are indicating that you have NO pain 

2. Example: If you put your “X” in the right-hand box, i.e. 

None Mild Moderate Severe Extreme 

    X 

  Then you are indicating that your pain is EXTREME 

PLEASE NOTE:   

1. That the further to the right you place your “X” the MORE pain, joint stiffness, or 
disability you are experiencing.   

2. That the further to the left you place your “X”, the LESS pain, joint stiffness, or 
disability you are experiencing.   

3. PLEASE DO NOT PLACE YOU “X” OUTSIDE THE BOX. 
You will be asked to indicate on this type of scale the amount of pain, stiffness or disability you 

have experienced in the last 48 hours.  

Remember, the further you place your “X” to the right, the more pain, stiffness or disability you 

are indicating that you experienced. Finally, please note that you are to complete the 

questionnaire with respect to your study joint(s). You should think about your study joint(s) when 

answering the questionnaire, i.e., you should indicate the severity of your pain, stiffness and 

physical disability that you feel is caused by arthritis in your study joint(s). Your study joint(s) 

has been identified for you by your health care professional. If you are unsure which joint(s) is 

your study joint, please ask before completing the questionnaire.  

© Dr. Nicholas Bellamy. All rights reserved 1996.  

SECTION A 

INSTRUCTIONS TO PATIENTS 

The following questions concern the amount of pain you have experienced due to arthritis in your 

study joints(s).  For each situation please enter the amount of pain experienced in the last 48 

hours.  (Please mark your answers with an “X” inside the box best describing your answer.) 

Question: How much pain do you have… 
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1. when walking on flat surfaces? 

  

None Mild Moderate Severe Extreme 

     

 

2.  when going up or down stairs? 

 

None Mild Moderate Severe Extreme 

     

 

3.  when at night while in bed? 

 

None Mild Moderate Severe Extreme 

     

 

4. when sitting or lying down? 

 

None Mild Moderate Severe Extreme 

     

 

5. when standing upright? 

 

None Mild Moderate Severe Extreme 

     

 

 

 

SECTION B 

INSTRUCTIONS TO PATIENTS 

 

The following questions concern the amount of joint stiffness (not pain) you experience in the 

last 48 hours when carrying out certain activities.  Stiffness is sensation of restriction or 

slowness in the ease in which you can move your joints.  (Please mark an “X” in the box that 

best indicates your answer.) 
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6. How severe is your stiffness after first awakening in the morning? 

 

None Mild Moderate Severe Extreme 

     

 

7. How severe is your stiffness after sitting, lying down, or resting later in the day? 

 

None Mild Moderate Severe Extreme 

     

  

SECTION C 

INSTRUCTIONS TO PATIENTS 

The following questions concern your physical function.  By this we mean your ability to move 

around and to look after yourself.  For each of the following activities, please indicate the degree 

of difficulty you have experienced in the last 48 hours due to arthritis in your study joint(s).  

(Please mark in “X” in the box that best indicates your answer.) 

 

Question: What degree of difficulty do you have… 

 

8.  when descending stairs? 

 

None Mild Moderate Severe Extreme 

     

 

9. when ascending stairs? 

 

None Mild Moderate Severe Extreme 

     

10. when rising from sitting? 

 

None Mild Moderate Severe Extreme 

     

 
11. when standing? 

 

None Mild Moderate Severe Extreme 
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12. when bending to the floor? 

 

None Mild Moderate Severe Extreme 

     

 

13. when walking on flat surfaces? 

 

None Mild Moderate Severe Extreme 

     

 

14. when getting in or out of a car? 

 

None Mild Moderate Severe Extreme 

     

 

15. when going shopping? 

 

None Mild Moderate Severe Extreme 

     

 

16. when putting on socks/stocking? 

  

None Mild Moderate Severe Extreme 

     

 

17. when rising from bed? 

None Mild Moderate Severe Extreme 

     

 
18. when taking off socks/stocking? 

 

None Mild Moderate Severe Extreme 
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19. when lying in bed? 

 

None Mild Moderate Severe Extreme 

     

 

20. when getting in/out of the bathtub? 

  

None Mild Moderate Severe Extreme 

     

 

21. when sitting? 

 

None Mild Moderate Severe Extreme 

     

 

22. when getting on/off the toilet? 

 

None Mild Moderate Severe Extreme 

     

 

23. when carrying out heavy domestic duties? 

 

None Mild Moderate Severe Extreme 

     

 

24. when carrying out light domestic duties? 

 

None Mild Moderate Severe Extreme 

     

 

HRQL (SF-36) Form 

 
Data Collection Visit: This form will be given to the participant at the follow up visit (FU1) 
 
Purpose: The SF-36 is a generic measure of health status/health-related quality of life that 
consists of two normed-based composite T-scales, mental health and physical function, and 8 
subscales: physical functioning, mental health, role-physical, role-emotional, bodily pain, general 
health, vitality, and social functioning.  
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Medical Outcomes Study 36-Item 

Short Form Health Survey (SF-36) 

 
 
INSTRUCTIONS: This survey asks for your views about your health. This information will help 
keep track of how you feel and how well you are able to do your usual activities.  
 
Answer every question by marking the answer as indicated. If you are unsure about how to 
answer a question, please give the best answer you can.  
 
 
1. In general, would you say your health is: (check one) 
 

 Excellent (1) 

 Very Good (2) 

 Good (3) 

 Fair (4) 

 Poor (5) 

 
 
 
2. COMPARED TO ONE YEAR AGO, how would you rate your health in general NOW? 
(check one) 
 

 Much better now than one year ago (1) 

 Somewhat better now than one year ago (2) 

 About the same now as one year ago (3) 

 Somewhat worse now than one year ago (4) 

 Much worse now than one year ago (5) 
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3. The following items are about activities you might do during a typical day. Does YOUR 
HEALTH NOW LIMIT YOU in these activities? If so, how much? 
 

(Mark one box only for each activity) 
 

 

Activities 

 

YES, 
LIMITED 

A LOT 
(1) 

YES, 
LIMITED 
A LITTLE  

(2) 

NO, NOT 
LIMITED 
AT ALL 

(3) 

A. Vigorous Activities, such as running, lifting 
heavy objects, participating in strenuous sports 

   

B. Moderate Activities, such as moving a table, 
pushing a vacuum cleaner, bowling, or playing golf 

   

C. Lifting or carrying groceries    

D. Climbing several flights of stairs    

E. Climbing one flight of stairs    

F. Bending, kneeling or stooping     

G. Walking more than a mile    

H. Walking several blocks    

I. Walking one block    

J. Bathing or dressing yourself    

 
4. During the PAST 4 WEEKS, have you had any of the following problems with your work or 
other regular daily activities AS A RESULT OF YOUR PHYSICAL HEALTH? 

(Mark one box only for each activity) 
 

 YES (1) NO (2) 

A. Cut down on the amount of time you spent on work or other 
activities 

  

B. Accomplished less than you would like   

C. Were limited in the kind of work or other activities   

D. Had difficulty performing the work or other activities (for example, 
it took extra effort) 

  

 
 
 
 
 
 
 
 
5. During the PAST 4 WEEKS, have you had any of the following problems with your work or 
other regular daily activities AS A RESULT OF ANY EMOTIONAL PROBLEMS (such as 
feeling depressed or anxious)? 
 

(Mark one box only for each activity) 
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 YES (1) NO (2) 

A. Cut down on the amount of time you spent on work or other 
activities 

  

B. Accomplished less than you would like   

C. Didn’t do work or other activities as carefully as usual   

 
 
 
6. During the PAST 4 WEEKS, to what extent has your physical health or emotional health 
problems interfered with your normal social activities with family, friends, neighbors, or groups? 
 

(Mark one box only) 

 Not at all (1) 

 Slightly (2) 

 Moderately (3) 

 Quite a bit (4) 

 Extremely (5) 

 
 
 
7. How much BODILY pain have you had during the PAST 4 WEEKS? 
 

(Mark one box only) 

 None (1) 

 Very mild (2) 

 Mild (3) 

 Moderate (4) 

 Severe (5) 

 Very severe (6) 

 
 
 
 
 
 
 
 
8. During the PAST 4 Weeks, how much did PAIN interfere with your normal work (including 
both work outside the home and house work)? 
 

(Mark one box only) 

 Not at all (1) 
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 A little bit (2) 

 Moderately (3) 

 Quite a bit (4) 

 Extremely (5) 

 
9. These questions are about how you feel and how things have been with you DURING THE 
PAST 4 WEEKS. For each question, please give the answer that comes closest to the way you 
have been feeling. How much of the time during the PAST 4 WEEKS… 

(Mark one box only on each line) 

 All of the 
Time (1) 

Most 
of the 
Time 
(2) 

A 
Good 
Bit of 

the 
Time 
(3) 

Some 
of the 
Time 
(4) 

A 
Little 
of the 
Time 
(5) 

None 
of the 
Time 
(6) 

A. Did you feel full of pep?       

B. Have you been a very 
nervous person? 

      

C. Have you felt so down in the 
dumps that nothing could cheer 
you up? 

      

D. Have you felt calm and 
peaceful? 

      

E. Did you have a lot of 
energy? 

      

F. Have you felt downhearted 
and blue? 

      

G. Did you feel worn out?       

H. Have you been a happy 
person? 

      

I. Did you feel tired?       

 
 
 
 
10. During the PAST 4 WEEKS, how much of the time has your PHYSICAL HEALTH or 
EMOTIONAL PROBLEMS interfered with your social activities (like visiting with friends, 
relatives, etc.)? 
 
 (Mark one box only) 
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 All of the time (1) 

 Most of the time (2) 

 Some of the time (3) 

 A little of the time (4) 

 None of the time (5) 

 
11. How TRUE or FALSE is each of the following statements for you? 
 

(Mark one box only on each line) 

 DEFINITELY 
TRUE  

(1) 

MOSTLY 
TRUE (2) 

DON’T 
KNOW (3) 

MOSTLY 
FALSE (4) 

DEFINITELY 
FALSE  

(5) 

A. I seem to get sick 
a little easier than 
other people 

     

B. I am as healthy as 
anybody I know 

     

C. I expect my 
health to get worse 

     

D. My health is 
excellent 

     

Demographics Form 

 
Data Collection Visit: This form will be given to the participant at screening visit 1. 
 
Purpose: Form will provide information regarding the patient’s demographics.  Information will 
be used to describe, in general terms, the persons who are participating in the study 
 
 
Questionnaire Instructions – Demographics Section 

 Thank you for your interest in participating in our study.  The following questions are 

about your background.  This information will help us describe, in general terms, the persons who 

are participating in the study.  Please fill in the appropriate bubble for each question.  Please 

answer each question to the best of your ability.  We ask that you try not to skip any questions or 

write in any answers that are not given as choices for that particular question. There are no “right” 

or “wrong” answers for any of the questions, so please be honest in answering all questions.   

 We encourage you not to spend too much time on any single question.  Please go with 

your first instinct in answering most of the questions, as many of the questions ask you to state 

your opinion.  Thank you again for your time.  All responses will be kept completely confidential.  

 
 
1. What is your birth date?  __ __ / __ __ / __ __ __ __    

 M  M    D  D    Y   Y  Y  Y 
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2. What is your gender?          
   0.□ Male 
  

1. □ Female 
 
3. What is your marital status? 

            
   1 □ Never Married       
            
   2 □ Presently Married       
            
   3 □ Living in a marriage-like relationship 
            
   4 □ Divorced/Separated 
 
   5 □ Widowed  
   

4. Including yourself, what is the total number of persons who are currently living in your 
household?              

   _______ persons 
 

5. Are you of Hispanic or Latino origin?        
   1 □ Yes         
                        
   0 □ No 
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6. What category below best describes your 
 racial background?  Select all that apply. 
     

1 □ White/Caucasian  
               (Persons having origins (ancestry) in any of the  

original people of Europe, North Africa, or the Middle East) 
 
2 □ Black or African American  
(Persons having origins (ancestry) in any of the Black racial  
groups of Africa) 
  
3 □ Asian 
(Persons from or having ancestors from the Far East,  
Southeast Asia, or the Indian subcontinent. This area  
includes, for example, China, India, Japan,  
the Philippine Islands, Korea, etc) 
 
4 □ Native Hawaiian or other Pacific Islander 

(Persons from or having ancestors from Hawaii 
or the Pacific Islands.  This area includes Samoa, etc) 
 
5 □ American Indian or Alaska Native  

(Persons from or having ancestors from any of the original 
peoples of North America and who maintain cultural  
identification through tribal affiliation or community recognition)  
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7. Which category below best describes the  
     highest level of formal education you  
     completed? (Please check one). 
        
□ No formal education       
 
□ Grade School (1st-8th)       

                                    
□ Some High School (9th through 11th grade) 
  
□ High School diploma or G.E.D 
 
□ Business/Vocational training school after high school graduation  
 
□ Some College (no degree obtained)  
 
□ Associate Degree (A.D. or A.A.) 
 
□ College Graduate 
 
□ Some College or professional school after college graduation 
 
□ Master’s Degree 
 
□ Doctoral Degree  
 
 
8.What was your total family income  
   (before taxes) from all sources last year?   
   (This information is important for describing  
   the participants in the study as a group and is  
   kept strictly confidential). (Please check one) 
            
 1□ Less than $10,000   
 

2□ $10,000 to $19,999  
 
3□ $20,000 to $34,999  
 
4□ $35,000 to $49,999  
 
5□ $50,000 to $74,999 
 
6□ $75,000 to $100,000 
 
7□ More than $100,000  
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9. What is your current employment status? 
 
1□ Unemployed/Looking for work 
 
2□ Retired 
 
3□ Disabled, unable to work  
 
4□ Employed – full-time  
 
5□ Employed – part-time  
 
6□ Full-time Homemaker    
 
7□ Other (Please list:  ____________________ ) 
 
10.  If you are employed, which category best  

describes your occupation? If you are  
unemployed, retired, or unable to work- 
disabled, which category best describes your last job.       
(Please check one) 

1□ Professional, Technical & Related Occupations (such as teachers, professors, nurses, lawyers, 
physicians, & engineers 
2□ Managers, Administrators or Proprietors (such as sales managers, real estate agents, or 
postmasters) 
3□ Clerical & Related Occupations (such as secretaries, clerks, or mail carriers) 
4□ Sales Occupations (such as salespersons, demonstrators, agents, and brokers)  
5□ Service Occupations (such as police, cooks, or hairdressers) 
6□ Skilled Crafts, Service Repair Persons, & Related Occupations (such as carpenters, appliance 
repair, or telephone line workers) 
7□ Equipment or Vehicle Operators & Related Occupations (such as drivers, railroad brakemen, 
or sewer workers) 
8□ Laborers (such as helpers, longshoremen, or warehouse workers) 
9□ Farmers (owners, managers, operators, or tenants) 
10□ Members of the military 
11□ Other (Please describe: ____________________) 
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11. Which category best describes the  
occupation you occupied for most of your life? 
(Please check one) 

1□ Professional, Technical & Related Occupations (such as teachers, professors, nurses, lawyers, 
physicians, & engineers 
2□ Managers, Administrators or Proprietors (such as sales managers, real estate agents, or 
postmasters) 
3□ Clerical & Related Occupations (such as secretaries, clerks, or mail carriers) 
4□ Sales Occupations (such as salespersons, demonstrators, agents, and brokers)  
5□ Service Occupations (such as police, cooks, or hairdressers) 
6□ Skilled Crafts, Service Repair Persons, & Related Occupations (such as carpenters, appliance 
repair, or telephone line workers) 
7□ Equipment or Vehicle Operators & Related Occupations (such as drivers, railroad brakemen, 
or sewer workers) 
8□ Laborers (such as helpers, longshoremen, or warehouse workers) 
9□ Farmers (owners, managers, operators, or tenants) 
10□ Members of the military 
11□ Other (Please describe: ____________________) 

PASE Form 

 
Data Collection Visit: The Physical Activity Scale for the Elderly (PASE) form will be given to 
the participant at Follow Up Visit (FU1) 
 
 
Purpose: Form will be used to measure physical activity levels in older adults. 
 
 

Physical Activity Scale 

Leisure Time Activity 

 

Instructions: Check a box next to your corresponding answer, or, when appropriate, circle 

“yes” or “no.”  

 

1. Over the past 7 days, how often did you take part of sitting activities like reading, 
watching TV or doing handcrafts? 

 

 Never (go to question 4) 

 Seldom (1-2 days) 

 Sometimes (3-4 days) 

 Often (5-7 days) 

 
2.  What were these activities: 

___________________________________________________ 
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3. On average, how much time per day did you engage in these sitting activities? 

 

 1-20 minutes 
 

 21-40 minutes 

 41-59 minutes 

 60-119 minutes 

 2-4 hours 

 4-6 hours 

 6-8 hours 

 more than 8 hours 

 
4. Considering the last month, was this a typical week? (circle one) 

NO  YES 
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5. During the past 7 days, how often did you take a walk outside your home or yard for any 
reason? (for example, for fun, exercise walking to work, walking the dog etc..) 
 

 Never (go to question 8) 

 Seldom (1-2 days) 

 Sometimes (3-4 days) 

 Often (5-7 days) 

 
6. What were these activities: 

___________________________________________________ 
 

7. On average, how much time per day did you spend walking? 
 

 1-20 minutes 
 

 21-40 minutes 

 41-59 minutes 

 60-119 minutes 

 2-4 hours 

 4-6 hours 

 6-8 hours 

 more than 8 hours 

 
8. Considering the last month, was this a typical week? (circle one) 

NO  YES 
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9. During the past 7 days, how often did you engage in light sport or recreational activities 
such as bowling, golf with cart, shuffleboard, fishing from a boat or pier, or similar 
activities? 

 

 Never (go to question 12) 

 Seldom (1-2 days) 

 Sometimes (3-4 days) 

 Often (5-7 days) 

 
10. What were these activities: 
______________________________________________________ 

 
11. On average, how much time per day did u engage in these light  
       sport or recreational activities? 
 

 1-20 minutes 
 

 21-40 minutes 

 41-59 minutes 

 60-119 minutes 

 2-4 hours 

 4-6 hours 

 6-8 hours 

 more than 8 hours 

 
 

12. Considering the last month was this a typical week? (circle one) 
NO  YES 
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Over the past 7 days , how often did you engage in moderate sport and recreational activities 
such as doubles tennis, ballroom dancing, hunting, ice skating, golf without a cart, softball or 
similar activities? 
 

 Never (go to question 16) 

 Seldom (1-2 days) 

 Sometimes (3-4 days) 

 Often (5-7 days) 

 
14. What were these activities: 
______________________________________________________ 
 

 
15. On average, how much time per day did you engage in these moderate sport or 
recreational activities? 
 

 1-20 minutes 
 

 21-40 minutes 

 41-59 minutes 

 60-119 minutes 

 2-4 hours 

 4-6 hours 

 6-8 hours 

 more than 8 hours 

 
16. Considering the last month, was this a typical week? (circle one) 
 NO  YES 
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17. Over the past 7 days, how often did you engage in strenuous sport and recreational activities 
such as jogging, swimming, cycling, singles tennis, aerobic dance, skiing (downhill/cross-
country) other similar activities? 
 

 Never (go to question 20) 

 Seldom (1-2 days) 

 Sometimes (3-4 days) 

 Often (5-7 days) 

 
18. What were these activities:  
________________________________________________________ 
 
19. On average, how much time per day did you engage in these  

strenuous sport or recreational activities? 
 

 1-20 minutes 
 

 21-40 minutes 

 41-59 minutes 

 60-119 minutes 

 2-4 hours 

 4-6 hours 

 6-8 hours 

 more than 8 hours 

 
 

20. Considering the last month, was this a typical week? (circle one) 
 NO  YES 

 
 



 

 83

21. Over the past 7 days, how often did you do any exercises specifically to increase muscle 

strength and endurance, such as lifting weights, or pushups, etc.? 

 

 Never (go to question 24) 

 Seldom (1-2 days) 

 Sometimes (3-4 days) 

 Often (5-7 days) 

 
 

22. What were these activities:  
________________________________________________________ 

 
23. On average, how much time per day did you engage in exercises  

to increase muscle strength and endurance? 
 

 1-20 minutes 
 

 21-40 minutes 

 41-59 minutes 

 60-119 minutes 

 2-4 hours 

 4-6 hours 

 6-8 hours 

 more than 8 hours 

 
24. Considering the last month, was this a typical week? (circle one) 

 NO  YES 
 

 
 



 

 84

 

Household Activity 

 
1.  During the past 7 days, have you done any light housework, such as dusting or washing 
dishes? (circle one) 

NO  YES 

 

2.  During the past 7 days, have you done any heavy housework or chores, such as vacuuming, 
scrubbing floors, washing windows, or carrying wood? (circle one) 

NO  YES 

 
 
3. During the past 7 days, did you engage in any of the following activities? (circle one) 

 
a. Home repairs like painting, wallpapering, electrical work, etc. 

NO  YES 

 
b. Lawn work or yard car, including snow or leaf removal, wood chopping, etc. 

  NO       YES 

 
c. Outdoor gardening 

NO  YES 

 
d. Caring for another person, such as children, dependant spouse, or another adult 

NO  YES 
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Work-Related Activity 

 

1.  During the past 7 days, did you work for pay or as a volunteer? (circle one) 
NO  YES (If yes, go to Questions 1a and 1b) 

 
a. How many hours per week did you work for pay and/or as a volunteer? 

___________Hours 
 

b. Which of the following categories best described the amount of physical activity 
required on your job and/or volunteer work? (check one) 

 
  ____Mainly sitting with slight arm movements (Ex. Office worker,  
              watchmaker, seated assembly line work, bus driver, etc.) 

 
____Sitting or standing with some walking (Ex. Cashier, general  
       office worker, light tool, and machinery worker) 

 
____Walking, with some handling of materials generally  

weighing less than 50 pounds (Ex. Mailman, waiter/waitress,  
construction worker, heavy tool and machinery worker) 

 
____Walking and heavy manual work often requiring handling of  

material weighing over 50 pounds (Ex. Lumberjack, stone      
mason, farm, or general laborer) 

 
 
 
 
 
 
 
 

 

 
 
 
 
 
 

SPPB Form 

 
Data Collection Visit: The Short Physical Performance Battery (SPPB) will be given to the 
participant at Follow Up Visit (FU1) 
 
 
Purpose: Form will be used to measure mobility, balance, and strength. 



 

 86

 
 

Short Physical Performance Battery 

 

All of the tests should be performed in the same order as they are presented in this protocol. 

Instructions to the participants are shown in bold italic and should be given exactly as they are 

written in this script. 

 
I would now like you to try to move your body in different movements. I will first describe 

and show each movement to you. Then I’d like you to try to do it. If you cannot do a 

particular movement, or if you feel it would be unsafe to try to do it, tell me and we’ll move 

on the next one.  Let me emphasize that I do not want you to try to do any movement that 

you feel might be unsafe. 

 

Do you have any questions before we begin? 

 

 

Balance Tests 

 

The participant must be able to stand unassisted with out the use of a cane or walker. You may 

help the participant to get up. 
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Side-By-Side Stand 

 

Script: 

 

 Now I will show you the first movement. 

 

(Demonstrate) I want you to try to stand with your feet together, side-by-side, for 

about 10 seconds. 

 

You may use your arms, bend your knees, or move your body to maintain your 

balance, but try not to move your feet. Try to hold this position until I tell you to 

stop. 

 

Stand next to the participant to help him/her into the side-by-side position. 
 
Supply just enough support to the participant’s arm to prevent loss of balance. 
 
When the participant has his/her feet together, ask “Are you ready?” 
 
Then let go and begin timing as you say, “Ready, begin.” 
 
Stop the stopwatch and say “Stop” after 10 seconds or when the participant steps out of 
position or grabs your arm. 
 
If the participant is unable to hold the position for 10 seconds, record result and go to the 
gait speed test. 
 
 

1.  Side-by-Side Score   

     Held for 10 sec  1 point 

     Not held for 10 sec  0 points 

     Not attempted  
                          (check the reason on Page 5) 

 0 points 

     If 0 points, end Balance Tests  

2. Number of seconds held if less than 10 sec:  .  sec 
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Semi-Tandem Stand 

 

Script: 

 

Now I will show you the second movement. 

 

(Demonstrate) I want you to try to stand the side of the heel of one foot touching the 

big toe of the other foot of about 10 seconds. You may put either foot in front, 

whichever is more comfortable for you. 

 

You may use your arms, bend you knees, or move your body to maintain you 

balance, but try not to move your feet. Try to hold this position until I tell you to 

stop. 

 

Stand next to the participant to help him/her into the semi-tandem position. 
 
Supply just enough support to the participant’s arm to prevent loss of balance. 
 
When the participant has his/her feet together, ask “Are you ready?” 
 
Then let go and begin timing as you say, “Ready, begin.” 
 
Stop the stopwatch and say “Stop” after 10 seconds or when the participant steps out of 
position or grabs your arm. 
 
If the participant is unable to hold the position for 10 seconds, record result and go to the 
gait speed test. 
 
 

3.  Semi-Tandem Stand Score   

     Held for 10 sec  1 point 

     Not held for 10 sec  0 points 

     Not attempted  
                          (check the reason on Page 5) 

 0 points 

     If 0 points, end Balance Tests  

4. Number of seconds held if less than 10 sec:  .  sec 
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Tandem Stand 

 

Script: 

 

Now I will show you the third movement. 

 

(Demonstrate) I want you to try to stand with the heel of one foot in front of and 

touching the toes of the other foot for about 10 seconds. You may put either foot in 

front, which ever is more comfortable for you. 

 

You may use your arms, bend you knees, or move your body to maintain you 

balance, but try not to move your feet. Try to hold this position until I tell you to 

stop. 

 

Stand next to the participant to help him/her into the tandem position. 
 
Supply just enough support to the participant’s arm to prevent loss of balance. 
 
When the participant has his/her feet together, ask “Are you ready?” 
 
Then let go and begin timing as you say, “Ready, begin.” 
 
Stop the stopwatch and say “Stop” after 10 seconds or when the participant steps out of 
position or grabs your arm. 
 
 

5. Tandem Stand Score   

     Held for 10 sec  2 points 

     Held for 3 to 9.99 sec  1 point 

     Held for < than 3 sec  0 points 

     Not attempted  
                          (check the reason on Page 5) 

 0 points 

     If 0 points, end Balance Tests  

6. Number of seconds if less than 10 sec:  .  sec 

 
 
 
 

7. If participant did not attempt test: (Mark x for reason) 
 

 a. Tried but unable 
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b. Participant could not hold position unassisted  

c. Not attempted, you felt unsafe 
 

d. Not attempted, participant felt unsafe 
 

e. Participant unable to understand instructions  
 

f. Other (specify) _______________________ 
_____________________________________  

g. Participant refused 
 

8. Total Balance Tests Score            (Sum points: possible range is 0 to )  

 
 
 

Gait Speed Test 

 

 
First Gait Speed Test 

 

 

Script: 

Now I am going to observe how you normally walk. If you use a cane or other 

walking aid and you feel you need to walk a short distance, then you may use it. 

 

This is our walking course. I want you to walk to the other end of the course at your 

usual speed, just as if you were walking down the street to go to the store. 

 

Demonstrate the walk for the participant. 

 

Walk all the way past the other end of the tape before you stop. I will walk with you. 

Do you feel this would be safe? 

 

Have the participant stand with both feet touching the starting line. 

 

When I want you to start, I will say: “Ready, begin.” When the participant 
acknowledges this instruction say: “Ready, begin.” 

 

Press the start/stop button in start the stopwatch when the participant steps over the 
starting line. 
 
Walk behind and to the side of the participant. 
 
Stop timing when one of the participant’s feet is completely across the end line. 
 

9. Time for 4 meters .  Sec 
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10. If participant did not attempt test: (Mark X for reason) 
 

a. Tried but unable 
 

b. Participant could not walk unassisted 
 

c. Not attempted, you felt unsafe 
 

d. Not attempted, participant felt unsafe 
 

e. Participant unable to understand instructions 
 

f. Other (specify) _______________________________________  

g. Participant Refused 
 

Complete score sheet and go to chair stand test 

 
 
11. Aids used for first walk: 
 

a. None 
 

b. Cane 
 

c. Other (Specify) ______________________________________  
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Second Gait Speed Test 

 

Script: 

Now I want you to repeat the walk. Remember to walk at your usual pace, and go 

all the way past the other end of the course. 

 

Have the participant stand with both feet touching the starting line. 
 

When I want you to start, I will say: “Ready, begin.” When the participant 
acknowledges this instruction say: “Ready, begin.” 

 

Press the start/stop button in start the stopwatch when the participant steps over the 
starting line. 
 
Walk behind and to the side of the participant. 
 
Stop timing when one of the participant’s feet is completely across the end line. 
 
Second Gait Speed Test Score 
 
12. Time for 4 meters  .  sec 
 
 
13.   If participant did not attempt or failed: (Mark X for reason) 
  

a. Tried but unable  

b. Participant could not walk unassisted  

c. Not attempted, you felt unsafe  

d. Not attempted, participant felt unsafe  

e. Participant unable to understand instructions  

f. Other (specify) ______________________________  

g. Participant refused  

 
 
 
 
 
 
 
 
 
14. Aids used for second walk 

a. None  

b. Cane  

c. Other (specify) ______________________________  

 
 

15. For 4-Meter Walk: (use shorter time) 

a. Unable to do the walk  0 points 
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b. If time is more than 8.7 sec:  1 point 

c. If time is 6.21 to 8.70 sec:  2 points 

d. If time is 4.82 to 6.20 sec:  3 points 

e. If time is less than 4.82 sec:  4 points 

 
Single Chair Stand 

Script: 

Let’s do the last movement test. Do you think it would be safe for you to try to stand 

up form a chair? 

 

 The next test measures the strength in your legs. 

 

(Demonstrate and explain the procedure) First, fold your arms across your chest and 

sit so that your feet are on the floor: then stand up keeping your arms folded across 

your chest.  
 
 Please stand up keeping your arms folded across your chest. (record result). 
 

If the participant cannot rise with our using arms, say “Okay, try to stand up using your 

arms.”  This is the end of the test. Record result onto the scoring page. 
 
 
 
 
 
 
 
 
 
 
 

Single Chair Stand Test Questions Yes No 

16. Safe to stand with out help   

17. Results 

    a. Participant stood with out using arms   Go to Repeated Chair Stand Test 

    b. Participant used arms to stand  End test; score as 0 points 

    c. Test not completed  End test; score as 0 points 

 
18. If participant did not attempt or failed: (Mark X for reason) 

a. Tried but unable 
 

b. Participant could not walk unassisted 
 

c. Not attempted, you felt unsafe 
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d. Not attempted, participant felt unsafe 
 

e. Participant unable to understand instructions 
 

f. Other (specify) ______________________________  

g. Participant refused 
 

 

Repeated Char Stand Test 

 

Script: 

  

Do you think it would be safe for you to try to stand up from a chair five times 

without using your arms? 

  

(Demonstrate and explain the procedure): Please stand up strait as QUICKLY as you 

can five times, without stopping in between. After standing up each time, sit down 

and then stand up again. Keep your arms folded across your chest. I’ll be timing 

you with a stopwatch. 

 

When the participant is properly seated, say: “Ready? Stand” and begin timing. 
  

Count out loud as the participant arises each time, up to five times. 
 

Stop is participant becomes tired or short of breath during repeated chair stands. 
 

Stop the stopwatch when s/he has straightened up completely for the fifth time. 
 

 
Also stop: 

• If participant uses his/her arms 

• After 1 minute, if participant has not completed all 5 rises 

• At your discretion, if concerned for participant’s safety 
 

If the participant stops and appears to be fatigued before completing the five stands, 
confirm this by asking “Can you continue?” 

 

Repeated Chair Stand Test Questions 

 

 Yes No 

19. Safe to stand five times   

20.Time to complete fie stands 
(Only enter if participant completes 5 stands) 

.  sec 

 

21. If participant did not attempt or failed: (Mark X for reason) 

a. Tried but unable 
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b. Participant could not walk unassisted 
 

c. Not attempted, you felt unsafe 
 

d. Not attempted, participant felt unsafe 
 

e. Participant unable to understand instructions 
 

f. Other (specify) ______________________________  

g. Participant refused 
 

 
22. Chair Stand Score 

Participant unable to complete 5 chair stands or 
completes stands in >60 sec.  

0 points 

If chair stand time is 16.70 sec or more 
 

1 point 

If chair stand time is 13.70 to 16.69 sec 
 

2 points 

If chair stand time is 11.20 to 13.69 
 

3 points 

If chair stand time is 11.19 sec or less 
 

4 points 

 
 

Scoring for Complete Sort Physical Performance Battery 

23. Total Balance Test score 
 Points (see page 5) 

24. Gait Speed Test score 
 Points (see page 9) 

25. Chair Stand Test score 
 Points (see page 11) 

26. Total Score 
 Points (sum of points above) 

 
 
 
 
 
 
 
 
 
 



 

 96

CURRICULUM VITAE 


