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Abstract

Background: Most patients risk gaining weight in the years after knee replacement, adding 

further concern to a population that is mostly overweight/obese prior to surgery.

Objective: Via a randomised pilot study, we assessed changes in weight during a Patient 

Centered Weight Loss Program (PACE) initiated either before or after knee replacement, while 

simultaneously examining the feasibility of recruiting and retaining participants over 26 weeks.

Methods: Recruitment outreach was made to 133 patients scheduled for knee replacement. 

Sixteen participants were randomised to a 14-session weight loss program that started either ≤6 

weeks before surgery (PACE) or at 12 weeks post-op (Delayed PACE). Repeated measures 

ANOVAs were used to examine preliminary changes in weight, function, patient-reported 

outcomes, and physical activity across time (baseline/pre-op, 12 and 26 weeks after surgery) and 

group.

Results: Retention was 75% and 69% at 12 and 26 weeks after surgery, respectively. Weight 

significantly decreased across the 26 weeks (P < 0.001). A group by time interaction (P = 0.03) 

demonstrated Delayed PACE [−7.6 ± 5.9 kg (−7.9 ± 5.9%)] lost significantly more weight than 
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PACE [−2.5 ± 2.7 kg (−2.6 ± 2.6%)] participants at 26 weeks. Significant improvements across 

time were seen for all function and patient reported outcomes, however activity did not change.

Conclusion: Conducting a behavioural intervention was challenging but feasible in a knee 

replacement population, with preliminary evidence suggesting that initiating a program 12 weeks 

after surgery produces greater weight losses at 26 weeks compared to a program starting before 

knee replacement.
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Introduction

Osteoarthritis is the leading cause of disability in the United States (US) [1]. Estimates 

indicate that half of patients diagnosed with knee osteoarthritis will need a total knee 

replacement during their lifetime [2]. Of patients who need a knee replacement, 80–95% are 

overweight or obese [3,4]. Physicians often recommend weight loss, as each unit increase of 

body mass index (BMI) results in an 8% increased risk of surgically-related adverse events, 

including joint infection and deep-vein thrombosis [5]. Obesity also is linked with poorer 

outcomes following knee replacement and increased risk of undergoing joint replacement 

revision [6,7].

Prior to surgery, many patients are encouraged by healthcare providers to lose weight [8], 

yet few attempts result in a clinically significant weight loss (≥5%) [9]. Immediately after 

surgery, patients may experience some weight loss, yet by 2 years, patients demonstrate a 

net weight gain [10]. Several studies have suggested that more than 50% of patients will gain 

weight after surgery [11,12]. Reducing body weight both before and/or after surgery would 

lower the risk of surgical and medical complications and improve pain and functional 

outcomes, yet the optimal time to initiate a weight loss program remains unknown. 

Immediately before the elective surgery may be an opportune teachable moment to initiate 

behaviour changes [13]. Conversely, waiting to start a pro-gram after the intensive 

rehabilitation is completed may be less overwhelming to patients.

Similar to the lack of weight loss observed following surgery, physical activity levels often 

remain unchanged. Prior to knee replacement, pain is one of the primary barriers to physical 

activity [14]. Following knee replacement, patients typically report significant reductions in 

pain and improved function [15] but corresponding increases in physical activity are 

uncommon [16–18]. Losina et al. [19] recently demonstrated that telephone health coaching 

and financial incentives could increase knee replacement patients’ steps and physical activity 

at 6 months, but it is unclear if patients focusing on weight loss would also demonstrate 

comparable increases in activity.

Guided by knee replacement patients (pre- and post-operative) and healthcare professionals 

(i.e., orthopedic surgeon, physical therapist) input [8], we developed a 14-week Patient-

Centered Weight Loss Program (PACE) specifically for knee replacement patients. During a 

pilot randomised study comparing changes in weight between patients who started the 
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program up to 6 weeks before knee replacement (PACE) and patients who started 12 weeks 

after surgery (Delayed PACE), we examined the feasibility of recruiting and retaining 

patients during a 26-week behavioural intervention. The secondary aims of the study were to 

examine changes in patient-reported outcomes, physical function, and physical activity. 

Gaining a better understanding of when to offer a weight loss program to knee replacement 

patients will help to inform clinician recommendations and the development of future weight 

loss trials to maximise the long-term effectiveness of the knee replacement.

Materials and methods

Study design and subjects

Patients from nearby orthopedic clinics who had recently scheduled a knee replacement 

were recruited to participate. Recruitment strategies included placing recruitment postcards 

in pre-operative packets, referrals from physicians and staff, and direct mailings and emails 

to potential patients. Interested patients were instructed to visit the study website or contact 

staff to complete the screening procedures.

Patients were required to: (1) be 40–79 years of age, (2) have a body mass index (BMI) 

between 25–45 kg/m2, (3) have a scheduled knee replacement (including primary, staged or 

independent bilateral, or revision) ≥1 week away from baseline assessment (modified from 6 

weeks before surgery due to challenges with recruitment), (4) obtain physician approval to 

participate, (5) be English speaking, and (6) willing to attend 3 assessments. Patients were 

excluded if they (1) had any contraindications to diet or weight loss, (2) were undergoing 

simultaneous bilateral knee replacement or had a scheduled or anticipated knee replacement 

for the contralateral knee within the next 26 weeks, (3) had a mobility limiting comorbidity 

besides the knee replacement (e.g., spinal stenosis),(4) were taking anti-obesity medications, 

(5) were enrolled in a formal weight loss program, (6) had or were planning to have 

bariatric/gastric/lapband surgery, (7) were planning to relocate out of the area in the next 

year.

Eligible patients were invited to an in-person session to complete the informed consent 

process. Following baseline, participants were randomised to a weight loss program that 

either started prior to surgery (PACE) or 12 weeks after surgery (Delayed PACE). 

Randomisation was stratified by age (<65 years and ≥65 years) and sex. All procedures were 

approved by the Northwestern University Institutional Review Board and participants 

provided written informed consent prior to completing any procedures.

PACE intervention

The PACE intervention is a 14-week Patient-Centered Weight Loss Program that was 

modelled off the Diabetes Prevention Pro-gram [20] and Look AHEAD [21] and refined 

based on input from knee replacement patients, orthopedic surgeons, and physical therapists 

[8,22]. Participants randomised to PACE started the weight loss program 1–6 weeks before 

their knee replacement and continued for 12 weeks after surgery. During the first session, 

participants were provided with program materials and were given a 5% weight loss goal 

based on their baseline body weight. Participants received a calorie goal between 1200–2000 
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kcal/day to facilitate a 1–2 lb weight loss each week. Patients were also given personalised 

physical activity (e.g., steps/day, minutes of moderate-to-vigorous activity) goals, which 

were tailored according to patient preference, comfort, and pre-/post-rehabilitation progress.

Participants were encouraged to monitor their dietary intake and physical activity with their 

preferred modality (e.g., paper, website, smartphone application, activity tracker). They were 

pro-vided with paper diaries and a calorie counter reference book, access to an online 

program or smartphone application, and/or a Fitbit. Study coaches had real-time access to 

participants’ web or Fitbit physical activity and dietary data; those using paper diaries were 

asked to mail in diaries regularly. Participants could also opt to receive three text messages a 

week. Text messages targeted topics relating to diet, activity, recovery from surgery, and 

behaviour change.

Participants had up to 14 sessions with their coach either inperson or over the telephone on a 

weekly or bi-weekly basis, based on preference. To standardise the number of sessions 

between PACE and Delayed PACE and ensure both could receive up to 14 sessions, 

regardless of when PACE patients were randomised (between 1–6 weeks pre-surgery), 

participants only received 2 coaching sessions before surgery. Coaches were either bachelors 

or doctoral level in fields relating to exercise science or psychology and had experience 

coaching using motivational interviewing. During each coaching session, coaches reviewed 

participants’ progress with recovery from surgery, discussed behavioural lessons, and 

provided feed-back on participants’ self-monitoring. PACE participants entered a 

maintenance period between 12 and 26 weeks after surgery and did not have any contact 

with coaches.

Delayed PACE

Participants randomised to Delayed PACE received the same intervention as PACE, however, 

participants started the program 12 weeks after surgery and continued until 26 weeks. 

Delayed PACE participants did not have any contact with study staff and coaches between 

baseline and 12 weeks.

Outcomes

Outcomes were assessed at baseline (between 1–6 weeks before knee replacement) and at 12 

and 26 weeks after surgery. Participants received $20 for completing the 12 and 26-week 

assessments.

Body weight

Body weight was assessed with a calibrated balance beam scale with participants wearing 

lightweight clothing without shoes.

Physical function—Physical function was assessed with the 30-s Chair Stand, the Timed 

Up and Go, and Six Minute Walk Tests. All physical function tests were completed 

following Osteoarthritis Research Society International recommended procedures [23]. 

During the 30-s Chair Stand, patients were asked to complete as many chair stand repetitions 

as possible during a 30 s period. During the Timed Up and Go Test, the time in seconds 
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taken to rise from a chair, walk 3m, turn, walk back to the chair, and sit down was measured. 

The fastest time between two Timed Up and Go tests was taken. The Six Minute Walk Test 

assessed the maximal distance in feet a participant could cover during a six-minute period.

Patient-reported outcomes

Pain and stiffness were obtained from the Western Ontario and McMaster Universities 

Arthritis Index (WOMAC) [24]. Participants responded on a 5-point Likert scale to five 

items assessing their level of pain over the last 48 h and two items evaluating stiffness. Also, 

using the Patient-Reported Outcomes Measurement Information System (PROMIS) in the 

REDCap shared library [25], pain intensity, pain interference, physical function-mobility, 

and sleep disturbance were assessed. PROMIS computer adaptive tests were used and the 

scoring of each factor assessed results in a t-score [26].

Physical activity

Physical activity was objectively measured using Actigraph GT3X monitors over a 7-day 

period. Participants were instructed to wear the monitor on their waist during waking hours. 

Only participants with ≥4 valid days of ≥10 h/day were included. Non-wear was defined as 

≥90 min with 0 counts/min, allowing up to 2 consecutive min of <100 counts/min [27]. 

Physical activity was categorised as sedentary (<100 counts/min), light (100–2019 counts/

min), and moderate-to-vigorous (MVPA) (≥2020 counts/min) [28]. Total MVPA and bouts 

of ≥10 MVPA min were examined.

Process measures—The option to receive text messages as an additional intervention 

strategy as well as participants’ self-monitoring (paper, website, app, Fitbit) preference were 

tracked. All in-person and coaching sessions times were monitored to determine the session 

duration and number of sessions completed.

PACE evaluation

After completing the intervention (PACE at 12 weeks or Delayed PACE at 26 weeks), 

participants were asked “Now that you’ve com-pleted the study, if you had the choice to 

start a weight loss program 6 weeks prior to surgery (PACE) or 12 weeks after surgery 

(Delayed PACE), which would you choose?”

Statistical analysis

All statistical analyses were conducted using SPSS version 24. Descriptive statistics were 

computed for baseline characteristics. Differences between completion status and groups 

were examined using chi-square or independent samples t-tests. The changes in weight, 

physical function, physical activity, and patient-reported outcomes across time (12 and 26 

weeks) by group were examined with repeated measure ANOVAs. Analyses were completed 

using intent-to-treat (last value carried forward). Shapiro–Wilk tests were used to examine 

normality of outcomes. Despite the small sample size, the distributions of outcome variables 

were fairly normal and strong deviations from normality were not seen and therefore the 

results should be robust. Statistical significance was considered with P < 0.05.
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Results

Of the 133 patients who were contacted to participate, 37 responded to our inquiries, and 16 

were randomised (Fig. 1). The primary reason for exclusion (n = 96) was due to no response 

or the date of the knee replacement passing. Retention was 75% and 69% at 12 and 26 

weeks after surgery, respectively. Reasons for attrition included no longer interested, 

withdrawal due to additional knee surgeries, and unable to contact. Three participants had 

techno-logical issues or chose not to wear the Actigraph accelerometer at baseline. One 

participant did not complete the PROMIS or WOMAC measures at baseline. There was no 

difference in retention between PACE and Delayed PACE.

Baseline characteristics by randomised condition are presented in Table 1. Participants were 

primarily female (69%), White (69%), with a mean age of 63.3 ± 7.5 years and BMI 36.5 

± 5.1 kg/m2. Most participants were employed full time (47%) or retired (47%). On average, 

participants enrolled in the study approximately 20 ± 12.3 days before surgery. There were 

no significant differences in baseline characteristics between PACE and Delayed PACE.

The changes in body weight across all randomised partic-ipants are presented in Fig. 2. 

Baseline weight did not differ between PACE and Delayed PACE (P = 0.58). Weight signifi-

cantly decreased across the 26 weeks (P < 0.001); Delayed PACE (−7.6 ± 5.9 kg, −7.9 

± 5.9%) lost significantly more weight than PACE (−2.5 ± 2.7 kg, −2.6 ± 2.6%) at 26 weeks 

(P = 0.03 for group by time interaction). Between the preoperative baseline and 12 weeks, 

both groups lost a similar amount of weight (Delayed PACE: −2.5 ± 4.4 kg; PACE: −2.5 

± 2.9 kg); however, between 12 and 26 weeks, Delayed PACE lost significantly more weight 

than PACE (−5.1 ± 5.0 kg vs. 0.0 ± 1.6 kg, P < 0.05).

Changes in physical function and physical activity are shown in Table 2. Significant 

improvements were observed from before surgery to 26 weeks after knee replacement for 

the Timed Up and Go (P = 0.01), Six Minute Walk (P < 0.001), and number of chair stands 

completed (P < 0.001). There were no differences in change of physical function outcomes 

between PACE and Delayed PACE. Also, there were no significant changes in objectively 

measured steps per day, bouted or unbouted MVPA, or sedentary time across time or 

randomised group.

Table 3 shows the changes in patient reported outcomes assessed by WOMAC and PROMIS. 

Among all participants, significant improvements across time were seen for PROMIS pain 

intensity, pain interference, physical function/mobility, and sleep disturbance (P < 0.05). 

WOMAC pain and stiffness also improved significantly from before surgery to 26 weeks 

after knee replacement (P < 0.001). There were no differences over time between PACE and 

Delayed PACE for any of the patient reported outcomes.

Among participants that completed either the PACE (n = 6) or Delayed PACE (n = 6) 

intervention, the average duration of the first session was 34.0 ± 12.1 min. After the first 

session, all sessions were completed over the telephone. On average, participants completed 

8.6 ± 3.2 sessions and each call lasted 12.2 ± 3.4 min. No differences were observed in the 

number of calls or call durations between groups. For dietary self-monitoring and activity 

tracking, the major-ity of participants used a Fitbit provided by the study (79%); the 
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remaining participants used their own Fitbits (14%) or used LoseIt! (7%). The majority 

(69%) of participants opted to receive text messages during the intervention. When asked 

their preference regarding the timing of starting a program, either pre-surgery (PACE) or 

post-surgery (Delayed PACE), of the twelve participants who completed an evaluation after 

the intervention, 7 participants (five of whom were randomised to PACE) indicated that they 

would have preferred to be in PACE.

Discussion

As knee replacement utilisation continues to rise [29], it is important to identify both 

relevant methods as well as the optimal timing to assist patients with weight management 

before and/or after surgery. The current study examined the feasibility of con-ducting a 

randomised pilot behavioural intervention examining changes in weight, physical function, 

physical activity, and patient-reported outcomes between patients who started a weight loss 

program either before or after knee replacement. The results suggest that initiating a weight 

loss program 12 weeks after surgery produces greater weight losses at 26 weeks compared to 

a program starting before knee replacement. Significant improvements were also observed 

with physical function, pain, and stiffness, but there were no differences between PACE or 

Delayed PACE. Objectively measured physical activity did not change between before 

surgery and 26 weeks after knee replacement.

This study provides preliminary insight on the best time to approach weight management in 

knee replacement patients. From before surgery to 12 weeks after knee replacement, 

regardless of randomised group, participants lost approximately 2.5 kg. This suggests that 

even outside of a weight management program, natural weight losses may be occurring. 

Although previous studies have examined weight changes longer than 4 months after surgery 

[30,31], these results are consistent with some of literature indicating that small weight 

losses may occur around the time of the surgery [10,32]. The difference in weight change 

between the groups emerged at 12 weeks after surgery, when PACE entered a maintenance 

phase and Delayed PACE started the weight loss pro-gram. Delayed PACE participants on 

average lost 5.4% during this time and exceeded the 5% program weight loss goal, whereas 

PACE participants’ weight remained stable. The overall weight losses in PACE (2.6%) were 

comparable to a dietician led weight loss program pre- and post-knee replacement by 

Gandler et al. [33], which saw a 3.2% weight loss; however these are both below the 

recommended 5–10% goal [34]. Initiating a weight loss program post-knee replacment may 

be a more opportune time because it allows patients to benefit from the natural post-

operative weight loss, and may provide additional motivation to reach the recommended 

weight losses for adults with overweight/obesity.

Interestingly, among participants who completed the evaluation after the intervention, >50% 

of participants indicated that if given the choice, they would have chosen to start the 

program before surgery. Similarly, during the development of PACE, most patients 

interviewed indicated that they would want to start a weight loss program before surgery — 

only 5% of patients reported a preference to wait until after surgery [8]. One of the 

challenges faced in the current study was recruiting patients who scheduled the knee 

replacement 6 weeks (42 days) in advance. The initial goal was to ensure that patients had 
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ample time for weight loss to occur in the event they were randomised to PACE; however, 

due to challenges with recruitment, the inclusion criteria were modified to begin enrolling 

patients at least 1 week before surgery instead of a minimum of 6 weeks before. The current 

study made outreach to a total of 133 patients who were scheduled for knee replacement, yet 

only 16 patients were enrolled into the study. On average, participants enrolled 20 days 

before surgery (range 7–39 days). Initiating weight loss prior to the knee replacement could 

help to reduce the risk of surgical complications [35], but identifying candidates for knee 

replacement early may be difficult. Patients will often explore several treatment options prior 

to deciding to undergo knee replacement, making it challenging to determine exactly when 

surgery may occur [36]. Additionally, there may be limited options and flexibility with 

scheduling the surgery depending on the orthopedic clinic and surgeon.

Significant improvements were seen across time for WOMAC pain and stiffness for both 

groups of participants. The changes were similar to what is typically observed following 

knee replacement [37]. Compared to WOMAC, fewer studies of patients undergoing knee 

replacement have utilised PROMIS measures; however, more information is emerging as the 

computer adaptive tests are beginning to be integrated into orthopedic clinics [38]. Similar to 

the changes in the patient-reported outcomes, the changes observed in physical function in 

the current study are comparable to previous studies [39]. While there was not a detectable 

benefit from the weight loss in the pain and functional outcomes at 26 weeks after surgery, 

future studies should examine long-term benefits of weight loss and the knee replacement.

Despite setting regular activity goals, discussing activity during coaching sessions, and the 

majority of participants using an activity tracker, there were no changes in MVPA or steps 

between surgery and 26 weeks after knee replacement. Increasing activity in this population 

remains challenging. Previous literature indicates that physical activity does not 

automatically increase after knee replacement, even in the presence of improvements with 

pain and function [16,18]; however, recent interventions have shown promise with 

increasing activity in knee replacement patients. Increases in activity above pre-operative 

levels were seen using supervised exercise sessions [40] and financial incentives and health 

coaching [19]. Although the current study included a strong physical activity intervention as 

part of the weight loss program, alternative and more intensive approaches may be necessary 

to help knee replacement patients increase their activity levels, particularly as physical 

activity plays a vital role in preventing weight regain after weight loss.

This study is not without limitations. First, this was a pilot study with a small sample size 

consisting of likely the most motivated patients and short-term follow-up. It is unclear if 

participants in either condition maintained weight loss, increased physical activity levels, or 

saw additional improvements in any of the patient-reported outcomes past the 26 weeks after 

knee replacement. Further, because physical activity did not change, it is likely that most of 

the weight loss was attributed to dietary changes. Future studies are needed to more closely 

examine the dietary changes made in this population. Additionally, participants enrolled in 

the study on average 20 days before surgery. Participants in PACE may have needed more 

than 3 weeks of time to initiate weight losses before undergoing knee replacement. The 

current study also has many strengths. The use of accelerometers to objectively mea-sure 

physical activity provides further evidence of the challenge of increasing physical activity 
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levels in knee replacement patients. Second, this study utilised PROMIS to assess pain 

intensity, pain interference, physical function, and sleep disturbance. The use of these 

computer adaptive tests in knee replacement patients is an innovative method to more 

efficiently collect patient-reported out-comes.

In summary, conducting a behavioural weight loss intervention within a knee replacement 

population was challenging but feasible. The results suggest that starting a weight loss 

program 12 weeks after knee replacement produces greater weight losses at 26 weeks 

compared to a weight loss program starting before surgery. Although differences in physical 

function and pain did not emerge between groups, future studies are needed to evaluate long-

term benefits of weight loss post-knee replacement. Further, the results of this study 

highlight the need to identify strategies to help this population increase physical activity 

levels after undergoing knee replacement.
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Fig. 1. 
Consort diagram of participant flow and analysis of primary outcome (body weight). 

Abbreviation: PACE: Patient-Centered Weight Loss Program.
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Fig. 2. 
PACE and Delayed PACE weight changes from baseline to 26 weeks after surgery. 

Abbreviation: PACE: Patient-Centered Weight Loss Program.
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Table 2

Baseline and changes in physical function (n = 16) and objectively measured physical activity (n = 13) from 

baseline before surgery to 26 weeks after knee replacement.

PACE Delayed PACE

Physical function tests (n = 16)

Mean or mean change (95% confidence intervals)

Timed Up & Go (s)

 Baseline 10.0 (6.6, 12.3) 9.5 (7.1, 11.4)

 12 week change −1.2 (−2.9, 0.5) −0.5 (−1.3, 0.3)

 26 week change −1.5 (−3.3, 0.2) −0.7 (−1.8, 0.4)

Six Minute Walk (ft)

 Baseline 1113.0 (831.6, 1394.3) 1228.7 (937.8, 1519.6)

 12 week change 158.5 (35.1, 281.9) 116.8 (39.3, 194.3)

 26 week change 218.1 (38.6, 397.5) 224.7 (78.5, 370.8)

Chair stands

 Baseline 10.3 (8.3, 12.2) 9.8 (7.2, 12.4)

 12 week change 0.5 (−1.4, 2.4) 2.6 (0.8, 4.4)

 26 week change 1.9 (0.7, 3.1) 3.8 (1.3, 6.2)

Physical activity (n = 13)

Mean or mean change (95% confidence intervals)

Steps/day

 Baseline 5715.7 (2464.5, 8966.9) 6062.4 (3456.5, 8668.2)

 12 week change −1460.1 (−3837.3, 917.1) −1118.7 (−3605.3, 1367.8)

 26 week change −723.9 (−2604.5, 1156.7) 262.0 (−2706.6, 3230.7)

Bouted MVPA (min/week)

 Baseline 81.2 (−67.6, 229.9) 37.6 (−41.7, 116.8)

 12 week change −108.5 (−291.2, 74.2) 5.9 (−67.6, 79.3)

 26 week change −44.7 (−123.5, 34.2) 30.3 (−28.1, 88.7)

Unbouted MVPA (min/week)

 Baseline 156.5 (−42.5, 355.5) 131.6 (56.0, 207.2)

 12 week change −77.7 (−221.3, 65.9) 24.6 (−22.0, 71.1)

 26 week change −47.8 (−130.4, 34.7) 40.6 (−11.6, 92.8)

Sedentary time (%/day)

 Baseline 70.1 (65.5, 74.8) 67.8 (63.5, 72.1)

 12 week change 1.3 (−3.0, 5.6) 2.2 (−1.5, 6.0)

 26 week change −0.1 (−10.0, 9.9) 0.4 (−3.7, 4.4)

MVPA: Moderate-to-vigorous intensity physical activity, PACE: Patient-Centered Weight Loss Program.

Obes Res Clin Pract. Author manuscript; available in PMC 2019 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pellegrini et al. Page 16

Table 3

Baseline and changes in patient-reported outcomes from baseline before surgery to 26 weeks after knee 

replacement (n = 15).

PACE Delayed PACE

Patient-reported outcomes (n = 15)

Mean or mean change (95% confidence intervals)

WOMAC pain

 Baseline 9.4 (6.6, 12.3) 9.3 (7.1, 11.4)

 12 week change −5.1 (−8.0, −2.3) −2.8 (−4.7, −0.8)

 26 week change −6.1 (−9.2, −3.1) −4.6 (−8.2, −1.1)

WOMAC stiffness

 Baseline 4.3 (3.4, 5.2) 5.3 (3.4, 7.0)

 12 week change −1.6 (−3.1, −0.1) −1.8 (−2.9, −0.6)

 26 week change −2.0 (−3.4, −0.6) −2.1 (−3.3, −0.9)

PROMIS pain intensity (t score)

 Baseline 52.6 (47.8, 57.4) 51.4 (48.0, 54.8)

 12 week change −8.3 (−16.1, −0.4) −7.3 (−13.0, −1.6)

 26 week change −12.6 (−21.0, −4.2) −10.3 (−17.4, −3.1)

PROMIS pain interference (t score)

 Baseline 60.0 (54.5, 65.6) 60.9 (57.3, 64.5)

 12 week change −5.0 (−10.7, 0.7) −6.7 (−12.6, −0.8)

 26 week change

−11.3

−8.7 (−16.9, −0.4) (−19.6, −2.9)

PROMIS mobility (t score)

 Baseline 36.1 (31.8, 40.4) 36.5 (33.3, 39.6)

 12 week change 3.5 (−0.7, 7.7) 4.9 (1.1, 8.6)

 26 week change 4.6 (1.0, 8.2) 7.6 (1.7, 13.5)

PROMIS sleep disturbance (t score)

 Baseline 52.1 (44.5, 59.8) 52.8 (48.5, 57.0)

 12 week change −1.2 (−9.1, 6.7) −1.5 (−4.9, 1.8)

 26 week change −6.2 (−11.5, −0.8) −3.7 (−10.1, 2.8)

PACE: Patient-Centered Weight Loss Program, PROMIS: Patient-Reported Outcomes Measurement Information System, WOMAC: Western 
Ontario and McMaster Uni-versities Arthritis Index.
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