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Abstract

Objective—The study examined the effects of a group-phone based weight management 

intervention on change in physical activity as measured via accelerometer and self-report in rural 

breast cancer survivors. The study also evaluated the role of physical activity on clinically 

meaningful cut-points for weight loss (baseline to 6 months) and weight loss maintenance (6 to 18 

months).

Methods—Participants were breast cancer survivors in a weight management intervention who 

provided valid weight and accelerometer data (N=142). We categorized participants into four 

groups based on weight loss ≥10% and weight regain ≥5% at 18 months.

Results—Accelerometer-measured moderate-to-vigorous physical activity (MVPA) significantly 

increased from baseline to 6 months (+46.9 minutes). MVPA declined during maintenance; 

however remained significantly greater than baseline. Self-reported MVPA followed a similar 

pattern as accelerometer MVPA, but estimates were significantly higher. Participants in the high 

loss, low regain group had significantly higher MVPA at all points.

Conclusions—A distance-based weight management intervention for survivors improved 

physical activity outcomes over 18 months. Self-reported physical activity was substantially higher 

than accelerometer-measured. Findings highlight the importance of device-based measurement for 

characterizing the magnitude of physical activity change, as well as the role of physical activity in 

weight management outcomes.
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Introduction

Obesity and physical activity are modifiable risk factors for breast cancer and cancer 

recurrence (1, 2). Physical activity may reduce breast cancer risk directly through its effects 

on chronic inflammation and sex hormones, as well as indirectly through its effects on 

obesity-related factors such as adiposity, insulin resistance, and adipokines (3, 4). During 

weight loss, moderate to vigorous physical activity (MVPA) helps induce caloric 

expenditure to reach a prescribed caloric deficit needed for weight loss. A systematic review 

of weight loss studies targeting both diet and physical activity changes over 3–12 months 

reported a small, positive additive effect of physical activity during weight loss (pooled 

estimate = −1.65 kg) (5). Whereas physical activity may have a smaller role in weight loss, 

physical activity is crucial for successful long-term weight loss maintenance (6, 7). The 

American College of Sports Medicine recommends 200–300 MVPA min/week for sustained 

weight loss maintenance (8). In this regard, Jakicic (2014) examined weight loss 

maintenance patterns among participants from the general population and found that those 

who sustained ≥10% weight loss at 6 and 18 months were more likely to complete 200+ 

minutes of MVPA per week (7).

Comprehensive clinical weight management trials tailored to breast cancer survivors that 

targeted reduced caloric intake, increased energy expenditure, and behavioral strategies have 

yielded initial evidence of physical activity improvements during initial (up to 6 months) and 

more long-term (up to 18–24 months) intervention periods (9). The Exercise and Nutrition to 

Enhance Recovery and Good Health for You (ENERGY) trial included a home-based (non-

supervised) physical activity component (10). During weight loss (0 to 6 months), self-

reported MVPA min/wk increased 150% in the intervention group (94 to 238 min/wk), and 

increased by 50% in the non-intervention control group (103 to 163 min/wk) (10). Similar 

improvements were found in 18-month outcomes of the LISA weight loss trial (11). 

Participants randomized to the phone-based intervention had self-reported improvements 

from 0 to 18 months (110% increase: 120 to 250 min/wk), as did participants in the mail-

based intervention (122% increase: 95 to 210 min/wk) (11).

Measuring physical activity using self-report is common in lifestyle interventions for breast 

cancer survivors; it affords low participant burden and can be highly scalable large trials. 

However, measuring physical activity using self-report questionnaires can overestimate 

physical activity as compared to device-based measurement with accelerometers (12, 13), 

possibly because these measures assess different aspects of physical activity or different 

constructs (13). For example, self-reported physical activity participation may also reflect an 

individual’s perceived ease or difficulty in physical activity participation (13). To our 

knowledge, only two pilot weight loss trials breast cancer survivors reported findings on 

physical activity change using device-based measurement. One single-arm pilot study 

designed to provide extended care for weight loss maintenance via text messages indicated 

that accelerometer-measured MVPA significantly increased from baseline to 18 months; 

however the magnitude of the increase was lower (38% increase) than the aforementioned 

self-reported physical activity increases in other breast cancer trials (14). In the Lifestyle, 

Exercise, and Nutrition (LEAN) randomized pilot study, pedometer steps increased by 37% 

in the in-person treatment group and 16% in the telephone treatment group from baseline to 
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6 months (15). Importantly, participants in both LEAN treatment groups self-reported a 

higher increase in MVPA min/wk (86–115%). Thus, self-report of physical activity may 

overestimate treatment effects on physical activity among breast cancer survivors. This has 

important implications for addressing unanswered questions about the relative importance of 

weight loss versus physical activity change in prognostic factors for recurrence and survival. 

However, given that pedometer-measured physical activity can yield substantial 

measurement error (16) and no self-report measures were reported for comparison in the 

accelerometer study, it is difficult to determine the degree to which self-report may 

overestimate physical activity in treatment samples of breast cancer survivors.

The goals of the current study were threefold. The first aim was to examine the effects of an 

18-month group phone-based weight loss intervention for rural breast cancer survivors on 

change in physical activity from 0 to 6 months (weight loss phase) and from 6 to 18 months 

(weight loss maintenance phase). Our second aim was to compare estimates of physical 

activity change across accelerometer versus self-report measures. The third aim was to 

compare physical activity changes across weight loss and weight regain groups as defined by 

clinically meaningful cut-points.

Methods

Study design

This study was designed to compare continued group phone-based counseling versus mailed 

newsletters on weight loss maintenance following weight loss. Study details and primary 

outcomes were presented previously (17, 18), and briefly described herein. Participants 

(N=210) were postmenopausal female breast cancer survivors residing in rural areas of the 

Midwestern United States, with a BMI of 27 to 45 kg/m, age <75 years, diagnosis of Stage 

0-IIIc disease, and completion of breast cancer treatment.

The intervention consisted of 1) a 6-month weight loss phase where all participants received 

weekly group phone sessions, followed by 2) a 12-month weight loss maintenance phase (6 

to 18 months) during which participants were randomized to continued phone sessions or a 

newsletter condition. Participants in the phone group received biweekly phone sessions, 

whereas newsletter condition participants received mailed newsletters at the same frequency 

as the phone sessions that covered the same content as the group calls.

The primary endpoint for the main trial was weight was regain from 6–18 months among 

participants who lost ≥5% by 6 months. However, all participants continued in the 

intervention and were followed throughout the study and are reported here. The study was 

approved by the University’s Institution Review Board and informed consent was obtained 

from all participants.

Study Sample

The sample for the current analyses consisted of participants who provided valid weight and 

accelerometer data at baseline, 6, and 18 months. Figure 1 depicts how we obtained our final 

sample of N=142.
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Intervention

During the 6-month weight loss phase, participants met via conference call for one hour 

weekly. Participants were instructed to follow a structured meal plan and to gradually 

increase their physical activity, with the goal of 225 min/wk of MVPA by week 12, 

consistent with recommendations (8). Participants received a Physical Activity Tool Kit with 

two DVDs, a pedometer, and self-monitoring charts. Brisk walking was the activity of 

choice for most participants. Physical activity sessions addressed both education to ensure 

safety, monitor and regulate intensity, and increase exercise variety, as well as problem-

solving activities to address common barriers, including issues regarding the built 

environment in rural settings (lack of sidewalks, extreme temperatures, etc), sustaining 

motivation, and social support. Participants submitted a weekly self-monitoring report form 

detailing their dietary intake, physical activity minutes at ≥10 minute bouts, and steps/day 

(goal of 10,000/day). During each session, participants reported whether they met nutrition 

and physical activity goals from the previous session.

Assessments

Participants attended assessment visits at baseline, 6, 12, and 18 months. At each visit, 

participants were weighed in light clothing (shorts, t-shirt) in a fasting state using a 

calibrated digital scale accurate to 0.1 kg (Befour PS5700). Height was measured with a 

stadiometer.

Both self-report and accelerometer measures of physical activity were collected at all time 

points. Participants were instructed to wear a GT3X+ Actigraph Accelerometer (Fort Walton 

Beach, FL) for seven consecutive days at each point. The ActiGraph has been shown to 

provide valid assessments of activity intensity during both walking/running (19) and daily 

living activities (20). The device does not have a display screen to minimize reactivity. 

Participants received verbal and written instructions accompanied by a wear time log to help 

encourage adherence. Devices were returned in a pre-stamped envelope. Participants’ data 

were included if data was available for ≥10 hours/day for ≥ 4 days, an algorithm that has 

been demonstrated to validly estimate physical activity patterns (21). The accelerometer 

outcome variable was total ≥10-minute MVPA bouted minutes per week, consistent with the 

intervention guidelines for counting only ≥10 minute bouts toward total weekly minutes. 

Prior studies found this measure to be more predictive of weight loss outcomes than non-

bouted minutes (7). Data in counts per minute summed across 10-second epochs were 

downloaded and number of minutes per day at various activity levels were calculated using 

the cut-points suggested by Matthews et al. (22). Moderate to vigorous activity (counts 

≥1952 per min) bouts wherein at least 8 minutes were at/above the 1952 threshold were used 

to identify 10-minute MVPA bouts. Bouted MVPA minutes per valid day (≥10 hours worn) 

were calculated and multiplied by 7 to obtain weekly estimates.

The Paffenbarger Physical Activity Questionnaire (23) includes questions on stairs climbed, 

blocks walked, and other sports, leisure, and recreational activities on a typical week during 

the past month. All activities were assigned MET values (24) and MVPA minutes (MET 

values >3) were summed to obtain weekly MVPA min/week estimates. Total MVPA min/wk 

was used as the self-report outcome variable to allow for direct comparison to the 
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accelerometer measure. Self-report physical activity measures were available for 139 of the 

142 participants in the sample (98%). Two participants at 6 months and one at 18 months 

had self-report measures that were statistical outliers and were physically implausible.

Weight-change groupings

We classified participants into low/high weight loss (< 10% loss versus ≥ 10% loss from 

baseline to 6 months) and further into low/high weight regain (<5% regain versus ≥ 5% 

regain from 6 to 18 months). This resulted four weight-change groups (see Table 2 for 

sample sizes).

Analyses

We first calculated descriptive statistics for the outcome measures, as well as the percentage 

of participants who met physical activity guidelines of ≥ 150 min/wk. Both outcomes were 

square-root transformed to correct for skewedness. We examined the effects of 

randomization condition at 6 months on MVPA change during maintenance (6–18 months) 

using a linear mixed model. There were no significant differences in MVPA change between 

the conditions; therefore the groups were combined for the main analyses.

Separate repeated measures ANOVAs were run to examine changes in accelerometer and 

self-reported physical activity during the weight loss phase (baseline to 6 months) across the 

full sample, as well as the four weight-change groups. A Bonferroni adjustment was used for 

multiple comparisons between groups. A series of paired t tests were used to test for 

significant differences between accelerometer-measured and self-reported MVPA at each 

time point. Separate linear mixed models using a compound symmetry correlation structure 

were constructed to examine changes in accelerometer and self-reported MVPA outcomes 

across the three time points during weight loss maintenance phase (6,12, and 18 months) for 

the full sample, as well as the weight-change groups. Finally, an interaction between time 

and weight-change group was included to examine differences between groups by time 

point, using a Bonferroni adjustment. We included the following variables as covariates in 

the models: randomization assignment, age, education, rurality (large rural vs. small/isolated 

rural (25)), and time since end of cancer treatment. We used Restricted Maximum 

Likelihood Estimation (REML) to cope with missing data.

Results

Table 1 presents participant characteristics. Participants were a mean of 58.6 (SD =8.0) years 

old, 76% were married and 22% had a 4-year college degree. Participants were a mean of 

3.6 (SD =2.5) years beyond cancer treatment excluding anti-hormone therapy. Mean 

baseline BMI was 33.7 (4.0). Weight loss at 6 months was 13.9% (SD= 5.74) and 

participants regained a mean of 4.6% (SD = 5.9) by 18 months.

Participants in the current sample did not significantly differ on age, baseline BMI, or cancer 

treatment-related variables (all p values > .05) from those who attended the 6-month visit but 

were excluded from the current analyses based on missing or invalid accelerometer data. 

Additionally, participants in the current sample did have significantly higher percent weight 

loss at 6 months (13.9% vs 10.1%, p = .001) than those who attended the 6-month visit but 

Fazzino et al. Page 5

Obesity (Silver Spring). Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



were excluded from the current analyses based on missing or invalid accelerometer data. 

However, these participants did not significantly differ in percent weight regain from 6 to 18 

months (4.6% vs 6.4%, p = .083).

Change in physical activity

Table 2 shows within-subject changes in MVPA over 18 months. Accelerometer-measured 

median MVPA bouted minutes significantly increased from baseline to 6 months (18.4 vs 

65.3, p = .001), an increase of 350% from baseline, and significantly decreased from 6 to 18 

months (65.3 vs 38.1, p = .01; 42% decrease from 6 months). MVPA at 18 months remained 

significantly higher than baseline (18.4 vs 38.1, p = .001; 210% increase).

Within the weight-change groups, accelerometer MVPA significantly increased from 

baseline to 6 months among both high weight loss groups, but not the low loss groups. In 

addition, accelerometer MVPA significantly decreased from 6 to 18 months in the high loss 

groups, but not in the low loss groups.

Self-reported MVPA min/week significantly increased in the full sample (0 vs 227.5, p = .

001; 227% increase), as well as in all weight-change groups (p values =.001) from baseline 

to 6 months. From 6 to 18 months, self-reported MVPA min/week significantly decreased in 

the full sample (227.5 vs 150.0; a 34% decrease), as well as in all groups except the low 

loss, high regain group (Table 2). Self-reported MVPA min/week at 18 months were 150% 

higher than baseline.

Table 3 shows the percentage of participants in each weight-change group that met MVPA 

guidelines. Accelerometer data indicated <15% of participants in both low loss groups met 

MVPA guidelines of ≥ 150 min/wk at any time point. In contrast, 30–43% of participants in 

the high loss groups met ≥ 150 min/wk guidelines at 6 months. In the high loss, low regain 

group, 25% met guidelines at 12 months, which increased to 32% at 18 months.

By self-report, over 60% of participants in all weight-change groups reported meeting ≥150 

min/wk at 6 months. At 12 and 18 months, 26–39% of participants in the low loss groups 

reported meeting guidelines compared to 47–75% in the high loss groups.

Accelerometer vs self-reported MVPA

Self-reported MVPA was significantly higher than accelerometer-measured MVPA at 6 

months (p= .001) and 18 months (p=.001) in the full sample. Findings were similar among 

all four weight-change groups (Table 2).

Physical activity across weight-change groups

Group comparisons for accelerometer-measured MVPA over time are depicted in Figure 2. 

There were no baseline group differences in MVPA. There was a significant interaction 

between group and time (p= .031). At 6 months, median MVPA in both of the high loss 

groups was significantly higher compared to the low loss groups (p values <.05). At 12 and 

18 months, the high loss, low regain group had significantly higher MVPA than all other 

groups. Notably, the high loss, low regain group’s MVPA decreased at 12 months but 
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stabilized by 18 months, while the high loss, high regain group’s MVPA decreased at 12 

months and 18 months.

Discussion

The present study demonstrated that a distance-based weight management intervention for 

breast cancer survivors that targeted home-based physical activity improved physical activity 

outcomes over 18 months. Specifically, MVPA assessed via accelerometer significantly 

increased (+46.9 minutes) from baseline to 6 months in the full sample. MVPA bouted 

minutes did decline during weight loss maintenance (6–18 months); however MVPA at 18 

months was still significantly greater than baseline, suggesting some maintenance of effects. 

Our observed changes in MVPA (Median=46.9 min) are consistent with the increases in 

MVPA min/wk observed in The Weight Loss Maintenance Randomized Controlled Trial in 

the general population (Mean= 48 min at 6 mo) (26). Compared to previous weight loss 

intervention trials in breast cancer survivors, self-reported physical activity changes from 

baseline to 18 months among our participants (150%) were similar in magnitude to the LISA 

phone-intervention condition (110%: 120 to 250 min/wk) (11) and higher than those of the 

ENERGY trial (79%, 94 to 168 min/wk). Participants in our study had lower physical 

activity at baseline compared to these other trials, a finding that may reflect environmental, 

cultural, and access-related barriers to physical activity in rural settings (27, 28).

Only a minority of our participants achieved a level of physical activity consistent with 

guidelines, and there were no substantial differences between the phone and mail-based 

maintenance interventions during the maintenance phase. Novel strategies are needed to 

improve adherence to physical activity recommendations in non-supervised settings, where 

the broadest population impact is likely to occur (29). Our previous qualitative findings 

indicated that participants appeared to underestimate the impact of environmental barriers on 

their physical activity, which may be a point of focus for future interventions (30). In a 

recent pilot study examining tailored text messages for promoting weight loss maintenance, 

Spark et al found a drop in physical activity from 6 to 12 months, but a return to 6 month 

physical activity levels by 18 months (16). This finding suggests maintenance of effects is 

possible in this population and warrants further attention.

Our findings add to the preliminary evidence indicating self-reported physical activity can be 

substantially inflated as compared to device-based measurement among breast cancer 

survivors (12, 14, 15). The discrepancy between self-report and accelerometer measures in 

the current study was striking; median self-reported MVPA at 6 and 18 months was more 

than triple accelerometer-measured MVPA. Self-report estimates were particularly inflated 

in the low loss groups at 6 months, and in all groups except the high loss, low regain group 

at 18 months, indicating bias in self-reported physical activity may be greater among 

participants experiencing poorer weight loss and maintenance outcomes. Thus, these 

findings underscore the need for objective measurement of physical activity, particularly 

during weight loss trials during which social desirability to report physical activity 

adherence may be high and may influence study conclusions regarding the role of physical 

activity in weight management. Our findings further highlight the importance of using 

objective measurement of physical activity in studies that aim to disentangle the relative 
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effects of diet, physical activity, and weight loss on biomarker modulation and disease 

outcomes among breast cancer survivors.

Our findings are consistent with those of Jakicic et al (2014) who reported a similar pattern 

of MVPA stabilization at 12 and 18 month among participants from the general population 

who successfully maintained 10% weight loss at 18 months. Taken together, these findings 

highlight the importance of preventing or minimizing the decline in physical activity during 

maintenance. A stepped care approach focused on sustaining or further increasing MVPA 

during maintenance may have benefits for preventing weight regain long-term. Given that 

motivation and engagement tend to decline during maintenance, a shift in intervention focus 

from primarily maintaining compliance with weight management skills learned during 

weight loss to expanding participants’ physical activity goals and participation (PA type, 

duration, and frequency) may provide novelty and variety that could better sustain physical 

activity and may thus improve weight management outcomes.

The study had several limitations. First, our analyses were limited to participants who 

provided valid accelerometer wear time, and this group had higher weight loss compared to 

those without valid accelerometer data. If we had obtained data from the excluded 

participants, our estimates of physical activity during the program may have been lower 

overall. However, the percentage of participants who provided valid accelerometer data was 

high (89–92%) and in line with national cohort research that used accelerometers to measure 

physical activity (31), as well as with some other intervention studies in the literature (32, 

33), although it is difficult to compare with most weight management trials because valid 

wear time statistics are often not reported (7, 14, 26), a problem identified previously (34). 

Additionally, our sample was comprised of primarily White, older survivors living in the 

rural Midwest and may not generalize to other groups. Also, our MVPA outcome variables 

were skewed. While we coped with this statistically using transformed variables as is 

commonly done (7), this issue results from a minority of participants meeting recommended 

physical activity levels, a problem which requires further attention. Finally, participants 

reported on their physical activity during a typical week in the past month, whereas 

accelerometers were worn the week directly after each visit. Thus, it is possible that 

participants’ reports of their typical physical activity over the past month might not directly 

align with their actual physical activity the following week. Future research should examine 

agreement among accelerometer and self-report measures for the same week (12).

The major strength of the study is the use of both accelerometer and self-reported measures 

of physical activity in addition to the broad range of high and low weight loss and regain 

groups, which allowed for comparisons across the four corresponding subgroups.

Conclusions

A phone-based weight management intervention for breast cancer survivors that targeted 

non-supervised physical activity improved MVPA min/wk at 6 months, with partial 

maintenance of effects at 18 months. However, the majority of participants did not meet 

guideline thresholds, pointing to the continued need for enhancing intervention effects on 

physical activity. Self-reported physical activity changes were more than triple those of the 
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accelerometer-measured changes, suggesting that measurement is crucial for accurately 

specifying the magnitude of physical activity changes during a weight management 

intervention. The highest levels of sustained physical activity were important for clinically 

significant weight loss, as well as successful weight loss maintenance by 18 months.
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Study importance

• Clinical weight loss trials for breast cancer survivors have yielded initial 

evidence of physical activity improvements; however most have assessed 

physical activity using only self-report. Additionally, little is known about the 

role of physical activity during weight maintenance among breast cancer 

survivors.

• The present study used both accelerometer and self-reported measures of 

physical activity in what, to our knowledge, is the largest weight loss trial to 

date among breast cancer survivors reporting physical activity changes across 

these two measurement methods.

• The study evaluated the role of physical activity on clinical meaningful cut-

points for weight loss (baseline to 6 months) and weight loss maintenance (6 

to 18 months) among survivors.
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Figure 1. 
Flow Diagram for Study Sample
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Figure 2. 
Accelerometer measured and self-reported physical activity

*Significantly different at p<.05 level

**Significantly different at p<.01 level
acomparator group
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Table 1

Demographic Characteristics (N=142)

Demographic Variable M (SD) or n (%)

Age 58.6 (8.0)

Marital Status

 Married/Cohabitating 108 (76%)

Race/Ethnicity (% Caucasian) 138 (97%)

Education

 High School/GED 33 (23%)

 Some college/Associate’s 54 (38%)

 Bachelor’s 31 (22%)

 Graduate (Masters, PhD) 24 (17%)

Rurality (% small/isolated rural) 80 (56%)

Age at diagnosis 54.6 (8.3)

Stage at diagnosisa

  0 13 (9%)

  I 58 (41%)

  II 53 (37%)

  III 17 (12%)

Time since treatment (years) 3.6 (2.5)

Treatment Received

   Lumpectomy 90 (63%)

   Mastectomy 64 (45%)

   Radiation 103 (73%)

   Chemotherapy 92 (65%)

   Anti-hormone Therapy 104 (73%)

BMI 33.7 (4.0)

% weight loss at 6 months 13.9 (5.74)

% regain at 18 months 4.6 (5.9)

a
One participant’s stage at diagnosis was unknown
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Table 3

Percentage of participants meeting physical activity recommendations of ≥150 minutes per week over time

Baseline 6 months 12 months 18 months

Accelerometer %(N) %(N) %(N) %(N)

Low loss, low regain 4%(1) 8% (2) 14%(3) 8%(2)

Low loss, high regain 0%(0) 6%(1) 0%(0) 11%(2)

High loss, low regain 2%(1) 43%(23) 25%(13) 32%(17)

High loss, high regain 9%(4) 30%(14) 21%(9) 11%(5)

Paffenbarger self – report

Low loss, low regain 17%(4) 57%(13) 36%(8) 26%(6)

Low loss, high regain 22%(4) 58%(10) 35%(6) 39%(7)

High loss, low regain 25%(13) 90%(47) 65%(34) 75%(39)

High loss, high regain 23%(11) 76%(35) 47%(21) 48%(22)

Note:
Low loss, low regain: <10% loss at 6 months, <5% regain at 18 months
Low loss, high regain: <10% loss at 6 months, ≥ 5% regain at 18 months
High loss, low regain: ≥ 10% loss at 6 months, <5% regain at 18 months
High loss, high regain: ≥ 10% loss at 6 months, ≥ 5% regain at 18 months
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