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ABSTRACT
Background: Behavioral weight loss programs often prescribe
physical activity (PA) goals in terms of minutes/week of
moderate-to-vigorous PA (MVPA) and steps/day. However, the
impact of meeting each type of goal prescription on weight loss
is unclear, particularly in digitally-based (eHealth/mHealth)
programs. This secondary analysis of a randomized trial examined
the effects of meeting steps-based and minutes-based goals on
weight loss in an eHealth behavioral weight control program.
Methods: Adults in the control arm received a 6-month online
behavioral weight loss intervention with prescribed weekly goals
for daily steps and minutes of MVPA. The number of weeks steps-
based and minutes-based goals were met (≥100% and ≥75%
thresholds) based on self-reported PA were examined as
predictors of 6-month weight loss among those providing weight
outcomes (n = 172; 81% of control arm) using a systems
regression approach.
Results: Participants (BMI 35.6 kg/m2; 90.1% female; 48.7 years of
age) met weekly goals for MVPA (7.1 ± 6.4 weeks) more often
than steps (3.5 ± 5.5 weeks, P < .001). Meeting the steps goals (β
= .24, P < .001) and MVPA goals (β = .20, P < .001) were each
statistically significant predictors of weight loss at the 100%
threshold; their total effects were not statistically different from
one another (χ2 = 1.12, P = .29). Similarly, at the 75% threshold for
steps goals (β = .19, P < .001) and MVPA goals (β = .19, P < .001),
each independently predicted weight loss; no differences were
detected in their total effects (χ2= .01, P = .92). The probability of
reaching ≥5% weight loss was comparable between meeting the
steps goals and MVPA goals at both adherence thresholds.
Conclusions: Greater attainment of PA goals prescribed as steps
and minutes of MVPA independently contribute to similar weight
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loss outcomes in a 6-month online behavioral weight loss
intervention. Future research should determine whether
promoting adherence to combined steps-based and minutes-
based goals produces better weight loss than utilizing either goal
alone and identify strategies that improve adherence.

Introduction

Physical activity is a key element in standard behavioral treatment of obesity (Jensen
et al., 2013), which uses a lifestyle approach to assist individuals with skill development
and techniques for behavior change to achieve a healthier weight (Foster et al., 2005).
Lifestyle programs, as well as national physical activity guidelines (U.S. Department of
Health and Human Services, 2018), have traditionally prescribed exercise goals in
terms of minutes of moderate-to-vigorous intensity physical activity (MVPA) (Diabetes
Prevention Program Research Group, 2002; Wadden et al., 2006). More recently, steps-
based goals (e.g. 10,000 steps/day) have become a popular additional strategy for
accumulating physical activity (Creasy et al., 2017; West et al., 2010). This is particularly
the case in digitally-delivered, electronic (eHealth) lifestyle programs that utilize con-
nected wearable physical activity trackers. Although the current public health guidelines
do not provide explicit daily step recommendations to achieve weight loss (U.S. Depart-
ment of Health and Human Services, 2018), steps-based goals are appealing due to the
simplicity of the metric, contribution of light intensity movement to energy balance,
and proliferation of wearable devices to monitor and assess physical activity. Despite
the uptake of the combined steps-based and minutes-based goal prescriptions in behav-
ioral weight control programs, the impact of meeting each type of physical activity rec-
ommendation on weight loss outcomes has not been fully established. Given that many
individuals fall short of the program physical activity targets and adherence deteriorates
over time (Acharya et al., 2009; Wing et al., 2004), a deeper understanding about attain-
ment of these prescribed goals is needed to enhance treatment effectiveness and shed
light on the optimal physical activity goal prescription in behavioral weight control.

The relationship between adherence to programMVPA recommendations and weight
loss has been investigated. For example, meeting MVPA goals in the Diabetes Prevention
Program (Wing et al., 2004), as well as in the Look AHEAD study (Wadden et al., 2009),
was associated with greater weight losses. Another study reported that individuals who
met or exceeded the weekly program MVPA goals lost more weight at 6 months than
did those who accrued less than half of the prescribed minutes of MVPA each week
(Conroy et al., 2011). However, research is limited regarding whether this association
holds for steps-based goals. In a physical activity intervention with a weekly goal of
10,000 steps/day, individuals with overweight who consistently recorded an average of
at least 9,500 steps/day lost more weight than those who did not reach this step threshold
(Schneider et al., 2006). While this finding suggests a steps-based goal may contribute to
weight loss, the study was not conducted within the context of a behavioral weight loss
program and did not also include an MVPA goal to examine comparative efficacy of the
two different prescriptions. There is also some indication that higher daily step counts are
associated with greater weight losses during an in-person behavioral weight loss program
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that prescribed MVPA goals (Creasy et al., 2018); but again treatment goals for physical
activity were only provided in terms of minutes. Another study found that weight losses
among individuals randomized to a behavioral lifestyle program that incorporated either
a minutes-based physical activity goal or a steps-based goal have been shown to be com-
parable (Creasy et al., 2017). However, the relative contributions to weight outcomes of
each physical activity prescription in a program that combines the two is not known, nor
has the impact of the physical activity prescriptions within digitally-delivered weight
control programs been explored.

As behavioral treatment for obesity continues to evolve in the digital space without in-
person components, it is important to identify how physical activity goal attainment in
eHealth programs relates to weight-loss success. Furthermore, consideration of the chal-
lenges in promoting physical activity adherence warrants attention to these distinct phys-
ical activity prescriptions and the influence they have on treatment engagement. There is
sparse research examining steps-based and minutes-based goal prescriptions in behav-
ioral weight control interventions, and this information is critical to guiding obesity
treatment structure and optimizing weight management outcomes. Therefore, the
purpose of this research was to characterize the effects of meeting steps goals and
MVPA goals prescribed concurrently during an online behavioral weight control
program on weight loss at 6 months.

Methods

Study design

A secondary analysis was conducted of the Internet Assisted Obesity Treatment
Enhanced with Financial Incentives (iREACH3) study (West et al., 2020), which was a
two-arm randomized trial that assessed the effects of financial incentives on weight
loss outcomes in an online, group-based behavioral weight control program. A descrip-
tion of the iREACH3 study and primary outcomes have been published (West et al.,
2020). In brief, eligible individuals were ≥18 years of age with a BMI (kg/m2) between
25 and 50, had access to a computer and smartphone with internet, were able to walk
for exercise, and were willing to use their personal wearable activity tracker (if they
owned one) or a smartphone app of their choice to monitor physical activity. Participants
were recruited from two clinical centers and cluster-randomized to either the online
group-based behavioral weight loss intervention enhanced by financial incentives (incen-
tivized arm) or to the online group-based behavioral weight loss intervention alone
(control arm). All participants gave written informed consent prior to participation in
the study. The iREACH3 study was approved by the Institutional Review Board at the
University of South Carolina and the Committee on Human Research in the Behavioral
Sciences at the University of Vermont.

The objective of this sub-study was to evaluate the contributions of meeting the weekly
program physical activity goals on weight loss within the context of a standard behavioral
weight loss program; therefore, we used de-identified data from the control arm only (n
= 212) to address the research question. Of the 212 individuals randomized to the control
arm, 40 participants were excluded due to missing body weight data at 6 months, leaving
a final sample of 172 participants (81%) included in this report.
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Intervention

Participants received an online, group-based behavioral weight loss intervention, which
emphasized calorie reduction, increased physical activity, and application of self-regulat-
ory skills, such as goal setting, self-monitoring, and problem solving (West et al., 2020).
Text-based, synchronous chats with intact groups of 15–18 participants facilitated by a
trained interventionist occurred weekly over the 6 months. Additionally, participants
were provided with program goals for weight loss, calorie intake (based on body
weight at baseline), and programmatic physical activity. Greater detail of the behavioral
intervention has been published previously (West et al., 2020).

Weekly physical activity goals were specified in terms of steps/day and minutes/week
of MVPA. All participants started with a prescribed goal of 7,000 steps/day at week 2,
which progressed by 1,000 steps every 2 weeks until the steps target reached 10,000
steps/day at week 8. The goal continued at 10,000 steps/day through the remainder of
the program. Additionally, all participants received an initial goal of 50 min/week of
MVPA at week 3. The MVPA goal increased by 50 min every 2 weeks until the goal of
200 min/week was reached at week 9, and the goal remained at 200 min/week thereafter.
All forms of aerobic physical activity (e.g. swimming, biking, etc.) taken at a moderate-to-
vigorous intensity counted towards total minutes, although walking at a brisk pace in
bouts of at least 10 min was encouraged. Walking is the most commonly reported activity
among those successful with weight loss and maintenance (Catenacci et al., 2008) and
does not require special skills/equipment.

Participants were instructed to monitor both metrics (i.e. total steps and minutes of
MVPA) daily using either a smartphone app (the study recommended MyFitnessPal)
or a wearable activity tracker (individuals were invited to use their own personal activity
tracker; the study did not provide a device). Participants manually submitted (i.e. self-
reported) their total steps and minutes of MVPA on the study website daily. In addition
to daily self-monitoring of physical activity, individuals were asked to report their total
calorie intake for the day and their body weight. An interventionist emailed participants
with individualized feedback and encouragement each week based on submitted records.
The feedback addressed the previous week’s physical activity self-monitoring and per-
formance in relation to the program steps and MVPA goals, as well as dietary intake,
self-weighing, and attendance at weekly chat group sessions.

Variables

Weight change
Body weight was measured by study staff at baseline and 6 months on a calibrated digital
scale to the nearest 0.1 kg. Weight change (dependent variable) from baseline to 6
months was calculated as the percent difference in weight, as well as categorized by
attainment of ≥5% weight loss, which is associated with health benefits (Jensen et al.,
2013).

Adherence to physical activity goals
Adherence variables were defined as (1) the number of weeks [out of 23] an individual
met the program steps goal and (2) the number of weeks [out of 22] an individual
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met the program minutes of MVPA goal, based on physical activity data self-reported on
the study website. For each week, individuals were considered to have met the steps goal
if their average daily step total across 7 consecutive days was ≥100% of the program goal
for that week. Similarly, individuals were classified as having met the MVPA goal if their
total self-reported minutes of MVPA for the week was ≥100% of the program target.
Adherence to each physical activity goal was also examined based on meeting ≥75% of
the program target in a given week, which has been used as a threshold of adherence
in other eHealth weight loss programs (Patel et al., 2021). Days with step counts
<1,000 and >30,000 (Downs et al., 2009; Rowe et al., 2004) and MVPA >1,080 min/
day (Centers for Disease Control and Prevention, 2013; Slagter et al., 2018) were con-
sidered implausible values or potential reporting errors and regarded as missing.

Statistical analysis

Descriptive statistics are presented as mean ± standard deviation (SD) for continuous
data or frequency and percentage for categorical data. Differences in baseline character-
istics between individuals with weight data at 6 months (‘completers’) and those missing
weight data (‘non-completers’) were analyzed using independent t-tests for continuous
variables and Chi-square or Fisher’s exact tests for categorical variables. SAS version
9.4 (Cary, NC) was used for summary measures and initial analysis.

To investigate the influence of adherence to physical activity goals on weight loss out-
comes, we conducted two types of analyses. The first analysis estimated the net effects of
each adherence variable, as well as the joint effects, using a single regression model with
both adherence variables entered as independent variables. Baseline body weight was
included as a covariate given evidence that it is a reliable predictor of weight loss
(Wing & Phelan, 2003). The standard errors were adjusted to be cluster-robust to
account for group-level clustering in the data. The second analysis estimated the total
effects of adherence to each of the physical activity goals through estimating two
regression models simultaneously with seemingly unrelated regression (SUR) (Zellner,
1962). Specifically, one model included baseline body weight (covariate) and meeting
the steps goals as the independent variables, while the other model included baseline
body weight (covariate) and meeting the MVPA goals as the independent variables.
This robust system of equations estimation procedure takes into account the potential
error term correlation between both equations to provide more efficient estimates of
the coefficients and standard errors than is achieved by estimating the equations separ-
ately (Anokye & Stamatakis, 2014; Lindner et al., 2020). Furthermore, the correlation
matrix of the residuals was examined using the Breusch-Pagan test of independence.
The correlation matrix estimated by SUR captures the inter-equation correlation in
the standard errors, which enables cross-equation coefficient hypothesis testing (i.e.
the statistical differences between the two total effects).

The full analytic approach described was conducted based on adherence to ≥100% of
the weekly steps and MVPA goals and then repeated using the 75% threshold for adher-
ence. In addition, analyses at both the 100% and 75% adherence thresholds were conducted
with weight loss percentage as the dependent variable. A similar approach was taken to
examine categorical weight loss outcomes (≥5% weight loss success vs <5% weight loss)
as the dependent binary variable using a systems analysis. In this latter case, we report
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the marginal effects of meeting the physical activity goals at both the 100% and 75%
thresholds for goal achievement on the likelihood of achieving ≥5% weight loss using
probit regressions and apply SUR to test the equality of the coefficients. Analyses were con-
ducted using Stata 16.1 (College Station, TX). Statistical significance was set at P < .05.

Results

Sample characteristics

Demographic details for the study sample (completers) at baseline are shown in Table 1.
Participants with objectively measured weight data at baseline and 6 months (n = 172,
81.1%) were included in analyses and had a mean BMI of 35.6 ± 5.8 kg/m2, 90.1% self-
identified as female, and 70.9% self-identified as white. Most had a college degree or
higher (83.1%) and were employed full time (83.1%). The analyzed sample (completers
only) were significantly older (P = .03) and reported higher education (P = .01) than non-
completers (n = 40).

PA goal attainment and weight change at 6 months

On average, participants met or exceeded 100% of the program minutes of MVPA goals
(7.1 ± 6.4 weeks) significantly more often than they met the steps goals (3.5 ± 5.5 weeks;

Table 1. Baseline demographic characteristics of completers.
Characteristic n = 172

Age (years), mean ± SD 48.7 ± 10.9
Weight (kg), mean ± SD 97.2 ± 19.1
BMI (kg/m2), mean ± SD 35.6 ± 5.8
Weight Classification, n (%)
Overweight 31 (18.0)
Obesity class 1 (BMI of 30 to <35) 57 (33.1)
Obesity class 2 (BMI of 35 to <40) 47 (27.3)
Obesity class 3 (BMI of 40 or higher) 37 (21.5)

Gender, n (%)
Female 155 (90.1)
Male 17 (9.9)

Race/ethnicity, n (%)
White^ 122 (70.9)
Black 48 (27.9)
Asian 1 (0.6)
Pacific Islander 1 (0.6)

Education, n (%)
College degree or higher 143 (83.1)
Some college or less 29 (16.9)

Marital status, n (%)
Married or living as married 97 (56.4)
Single or not married 75 (43.6)

Employment status, n (%)
Employed full time 143 (83.1)
Employed part time or unemployed 29 (16.9)

Geographic region, n (%)
Northeast (Vermont) 90 (52.3)
Southeast (South Carolina) 82 (47.7)

^White includes 2 individuals who identified as white and Hispanic; all other races include individuals who identified as
non-Hispanic only.
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P < .001). A similar pattern was found with participants meeting at least 75% of the
weekly goals; MVPA goals were met during 9.0 ± 7.1 weeks versus 6.5 ± 7.3 weeks for
steps (P < .001). Weight loss at 6 months was 5.4% ± 6.1%, on average, with 49.4% of indi-
viduals achieving ≥5% weight loss and 19.8% of individuals reaching ≥10% weight loss.

Effects of ⍰100% PA goal attainment
When examining the effects on weight loss percentage (controlling for baseline body
weight), results showed meeting the steps goals while holding MVPA goal attainment
constant (β = .39, P < .013) and meeting the MVPA goals while holding steps goal attain-
ment constant (β = .30, P < .004) were each statistically significant (i.e. net effects). These
two net effects were not statistically different from each other (F1,12 = .23, P = .64);
however, the combined impact (i.e. joint effects) was statistically significant (β = .69, P
< .001).

Results of SUR estimating the total effects are shown in Table 2. The model accounted
for approximately 20% of the variance in 6-month weight loss percentage and, as
expected, there was a high correlation between the equations for steps and MVPA (r
= .87, P < .001). Meeting the steps goal was a significant, positive predictor of weight
loss at 6 months, such that each additional week the steps goal was met independently
contributed to .24% more weight loss (z = 5.35, P < .001). Similarly, meeting the
minutes of MVPA goal was a significant, positive predictor of weight loss; for each
additional week the MVPA goal was achieved, an additional .20% weight loss was
expected (z = 5.17, P < .001). There was not a statistically significant difference between
the coefficients (i.e. total effects) for meeting steps and MVPA goals (χ2= 1.12, P = .29),
indicating similar weight losses were predicted when meeting ≥100% of the program-
specified steps goal compared to meeting ≥100% of the minutes of MVPA goals.

When examining weight loss as a binary outcome, the net effect of meeting the steps
goals at the ≥100% threshold was not statistically significant in predicting ≥5% weight
loss (P = .17), while meeting the MVPA goals did predict greater likelihood of reaching
the ≥5% weight loss threshold (P < .001; Table 3). Regarding the total effects, the prob-
ability of achieving ≥5% weight loss at 6 months significantly increased by 4.5% and

Table 2. SUR estimates of total effects of physical activity goal attainment on weight loss percentage
at 6 months.
STEPS model
Dep. Variable: % weight loss ≥100% goal threshold ≥75% goal threshold
Ind. Variable Coeff SE z P Coeff SE z P
Constant 5.34 1.97 2.71 .007 4.47 1.96 2.28 .022
# of weeks met steps goal .238 .044 5.35 <.001 .190 .033 5.74 <.001
Baseline body weight -.008 -.020 -.40 .691 -.003 .020 -.15 .878

R2=.203; Root MSE = 5.46; P .001 R2=.219; Root MSE = 5.40; P .001
MVPA model
Dep. Variable: % weight loss ≥100% goal threshold ≥75% goal threshold
Ind. Variable Coeff SE z P Coeff SE z P
Constant 4.05 2.02 2.01 .045 3.47 2.01 1.72 .085
# of weeks met MVPA goal .200 .039 5.17 <.001 .187 .034 5.48 <.001
Baseline body weight -.001 .020 -.03 .978 .003 .020 .13 .898

R2=.195; Root MSE = 5.49; P .001 R2=.206; Root MSE = 5.45; P .001

Note: Based on ≥100% goal threshold, correlation between residuals of STEPS model and MVPA model: .87; Breusch-
Pagan test of independence: χ2(1) = 130.85, P < .001. Based on ≥75% goal threshold, correlation between residuals
of STEPS model and MVPA model: .90; Breusch-Pagan test of independence: χ2(1) = 138.77, P < .001.
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3.8% for each additional week of meeting the steps goal and minutes of MVPA goal,
respectively (Table 4). The total effects of meeting the steps and MVPA goals were not
statistically different from each other (P = .91), indicating a similar probability of reach-
ing 5% weight loss was predicted when meeting ≥100% of the program-specified steps
goal compared to meeting ≥100% of the minutes of MVPA goals.

Effects of ⍰75% PA goal attainment
A similar pattern was found when considering attainment of ≥75% of the program-
specified goals on weight loss percentage, albeit the magnitude of the effects was attenu-
ated. Specifically, the net effects of meeting the steps goals while holding MVPA goal
attainment constant (β = .31, P = .004) and meeting the MVPA goals while holding
steps goal attainment constant (β = .24, P = .002) remained statistically significant, and
the two net effects were not statistically different from each other (F1,12 = .25, P = .62).
The joint effects remained statistically significant at this lower threshold (β = .56, P
< .001). The total effects estimated by SUR (Table 2) indicate that each additional week
of meeting ≥75% of the steps goal independently contributed to .19% more weight
loss (z = 5.74, P < .001), while an additional .19% weight loss was expected for every
additional week meeting ≥75% of the minutes of MVPA goal was achieved (z = 5.48,
P < .001). No statistically significant difference between the total effects of steps and
MVPA on weight loss outcomes at the ≥75% threshold was detected (χ2= .01, P = .92).

In terms of the probability in reaching ≥5% weight loss, the net effect of meeting the
steps goals was statistically significant at the ≥75% goal attainment threshold (P = .025),
as was meeting ≥75% of the MVPA goals (P = .002; Table 3). The probability of reaching
≥5% weight loss at 6 months significantly increased by 3.5% and 3.4% for each additional
week of meeting the steps goal and minutes of MVPA goal, respectively (Table 4);
however, these two total effects were not statistically different from each other (P
= .64), which indicates the probability of reaching 5% or greater weight loss was compar-
able between meeting ≥75% of the steps goals and meeting ≥75% of the minutes of
MVPA goals.

Discussion

This study demonstrates that meeting weekly steps-based goals and minutes-based goals
prescribed concurrently during online behavioral obesity treatment each offer meaning-
ful contributions to weight loss at 6 months. Findings suggest there are similar weight
loss benefits to incorporating either type of physical activity target as part of a compre-
hensive lifestyle program. The greatest benefits are likely to be achieved when fully
meeting either of the prescribed weekly goals for steps or minutes of MVPA; however,
reaching 75% of the prescribed goals for steps or minutes of MVPA also appears to
confer a meaningful impact on weight loss outcomes, with no difference observed
between the two physical activity targets.

To date, research on the associations between meeting program-specified physical
activity goals and weight loss during behavioral treatment of obesity have focused on
achieving recommendations prescribed in terms of minutes of MVPA with few studies
investigating attainment of steps-based targets (Creasy et al., 2017). Not only does the
current study reinforce MVPA goal attainment as a reliable positive predictor of
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Table 3. Average marginal effects of meeting steps-based and minutes-based goals on probability of achieving ≥5% weight loss at 6 months using probit
regression.
Dep. variable: ≥5% weight loss ≥100% goal threshold ≥75% goal threshold

Ind. variable dy/dx Delta-method SE z P dy/dx Delta-method SE z P
# of weeks met steps goal .017 .012 1.36 .174 .017 .008 2.25 .025
# of weeks met MVPA goal .028 .006 4.40 <.001 .020 .007 3.10 .002
Baseline body weight -.002 .001 −2.24 .025 -.002 .001 −1.85 .065

R2=.236; χ2(2) = 32.60; P .001 R2=.276; χ2(2) = 39.54; P .001
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Table 4. SUR estimates of total effects of physical activity goal attainment on probability of achieving ≥5% weight loss at 6 months.
STEPS model
Dep. variable: ≥5% weight loss ≥100% goal threshold ≥75% goal threshold
Ind. variable dy/dx Delta-method SE z P dy/dx Delta-method SE z P
# of weeks met steps goal .045 .011 4.24 <.001 .035 .004 9.68 <.001
Baseline body weight -.004 .001 −2.71 .007 -.003 .001 −2.44 .015

R2=.178; χ2(2) = 18.25; P .001 R2=.241; χ2(2) = 30.69; P .001
MVPA model
Dep. variable: ≥5% weight loss ≥100% goal threshold ≥75% goal threshold
Ind. variable dy/dx Delta-method SE z P dy/dx Delta-method SE z P
# of weeks met MVPA goal .038 .003 11.15 <.001 .034 .002 14.49 <.001
Baseline body weight -.002 .001 −1.81 .070 -.002 .001 −1.45 .146

R2=.223; χ2(2) = 39.05; P .001 R2=.254; χ2(2) = 42.63; P = < .001

Note: Test for equality of coefficients in STEPS model versus MVPA model based on ≥100% goal threshold: P = .905. Test for equality of coefficients in STEPS model versus MVPA model based on
≥75% goal threshold: P = .642.
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weight loss, which is consistent with other reports (Wadden et al., 2009; Wing et al.,
2004), it also makes a novel addition to the literature on steps-based recommendations
by demonstrating comparable weight losses can be expected through meeting program
steps goals. It has been previously reported that weight loss during an 18-month lifestyle
program delivered in person can be improved by .21 kg for each additional 1,000 steps/
day attained (Creasy et al., 2018). Our results extend this evidence by demonstrating that
weight loss is estimated to be enhanced by .24% for each additional week an individual
fully meets the program steps goal during the initial 6 months of a digitally-delivered
behavioral weight control program. Similarly, a .20% improvement in weight loss is
anticipated for every additional week the minutes of MVPA goal is met. Given that
both goals appear to impart a comparable magnitude of weight loss, these findings under-
score a potential opportunity to personalize treatment and improve adherence by
offering individuals a choice between pursuing steps-based or minutes-based physical
activity goals.

Although greater attainment of the weekly program physical activity goals was found
to predict greater weight loss, it is concerning that steps-based goals were fully met in just
15% of weeks and minutes-based goals were achieved in only 30% of weeks. Previous
studies of in-person weight control programs have also described low rates of adherence
to physical activity recommendations in lifestyle programs (Acharya et al., 2009; Conroy
et al., 2011; Unick et al., 2017), but direct comparisons with the current study are difficult
to make due to differences in definitions of adherence and the focus on MVPA goals
alone in other studies. Furthermore, the differences in the intervention delivery
channel between those studies and the current analysis must be noted. Nevertheless,
our findings indicate that steps-based goals were attained in half as many weeks as the
minutes-based goals were achieved. This pattern was consistently observed when exam-
ining both the 100% and 75% adherence thresholds, suggesting that meeting the pre-
scribed threshold for steps might have been more challenging than meeting the
minutes of MVPA recommendations.

This is surprising given research indicating that women engaged in greater physical
activity when given goals framed as steps than when provided with minutes of
walking goals (Pal et al., 2011). Perhaps the initial threshold and/or the biweekly
increases in the steps goals were overly ambitious for the population, particularly consid-
ering that adults in the United States take less than 5,000 steps/day, on average (Althoff
et al., 2017), which is well below the initial program goal of 7,000 steps/day. A similar
discrepancy regarding the MVPA goals may not have existed given reports that adults
with overweight/obesity average about 100 min/week (Hooker et al., 2016; Silveira
et al., 2022; Young et al., 2009), potentially making the program MVPA goals more
achievable. A goal of 10,000 steps/day with 3,500 of those accrued at moderate-to-vigor-
ous intensity has been proposed as the prescription for successful weight control (Creasy
et al., 2018); however, it appears that only a select group of individuals reach that level of
activity, even by the end of treatment. Our findings that meeting at least 75% of the
program steps goal contributed to weight loss success aligns with suggestions by
others that 8,000 steps/day may be adequate for weight loss (Tudor-Locke et al., 2008),
and thus provides further data to fuel future discussions focused on establishing step-
goal recommendations for obesity treatment.
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It is also possible that differences in meeting steps-based goals versus minutes-based
goals was impacted by modality; the accumulation of steps is constrained to ambulation,
whereas MVPA can be accrued through a variety of modalities (e.g. walking, biking,
swimming, rowing). Another important consideration is that the program-specified
steps goals did not necessarily translate to an equivalent MVPA goal each week.
Although, it is important to note the objective of this study was to better understand
how adherence to the goals offered in ‘state of the art’ in-person programs, such as the
Diabetes Prevention Program (Diabetes Prevention Program Research Group, 2002),
relate to weight loss outcomes as opposed to whether the specific goals demonstrate equi-
poise. Thus, greater exploration of optimal thresholds for steps-based and minutes-based
goals for individuals entering a behavioral weight control program are clearly warranted,
with particular attention paid to whether uniform program goals for all or individualized
physical activity goals reflecting baseline activity level produce the best weight loss
outcomes.

It is possible that pursuing multiple physical activity goals may impede a participant’s
ability to adhere (Louro et al., 2007; McKee & Ntoumanis, 2014), particularly alongside
other behavior change (e.g. calorie reduction) and weight loss goals during treatment.
Strategies to increase self-efficacy and persistence towards the goals while reducing temp-
tations that distract from the goals could improve adherence, as these factors have been
shown to be associated with successful attainment of multiple goals in the context of
weight loss (McKee & Ntoumanis, 2014). Adherence-promotion strategies to produce
and sustain increased physical activity, and consequently promote successful long-
term weight management, will likely benefit from focusing on both steps-based and
minutes-based goals moving forward.

Conceivably, an individual who meets both weekly recommendations might lose more
weight than what would be achieved through adhering to a single physical activity goal,
but the evidence supporting this hypothesis has not been established. In a pilot random-
ized trial (Creasy et al., 2017), individuals prescribed a daily step goal demonstrated
similar physical activity and weight loss improvements over 3 months to those prescribed
a weekly MVPA goal. However, there was not a group that received recommendations
for both goals and, thus, this study is silent on whether combined physical activity
goals promote greater weight loss relative to singular goals. A more recent study
aimed to address this gap by randomizing low-active, older adults to a behavioral
weight loss program with physical activity goals prescribed as structured exercise
(minutes of MVPA), daily steps, or the combination of minutes-based and steps-based
goals, which resulted in comparable weight losses (Fanning et al., 2022). Nevertheless,
it cannot be determined whether findings extend to more active and/or younger popu-
lations who may have a different response to, or preference for, the two different physical
activity goals. Moreover, it remains unclear whether similar outcomes might be observed
with minutes-based goals prescribed entirely in a digitally-delivered, free-living, or unsu-
pervised context, since the weight loss program in this study was delivered in person and
provided a supervised, structured on-site exercise component during the initial 6 months
for those randomized to minutes-based goals. These factors are critical considerations to
elucidate whether individuals are most successful in increasing their physical activity and
achieving weight-loss success when pursuing one or multiple physical activity goals when
delivered remotely.
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The following limitations should be considered when interpreting the current study.
First, there is a potential for bias due to the use of self-reported physical activity data in
these analyses (Adams et al., 2005; Lichtman et al., 1992), which can be mitigated in
future studies with objective measures. However, self-reported physical activity tends
to be higher than objectively measured activity, suggesting that the goal attainment
levels may be even lower than reported here and underscoring the need to emphasize
adherence promotion efforts in behavioral weight control. Further, physical activity
data were not collected at baseline, which precludes examination of physical activity
prior to the start of intervention. In addition, the generalizability of these findings
may be restricted given that the sample consisted primarily of college-educated,
middle-aged females and analyses were limited to individuals with weight data available
at 6 months. This study is also limited to weight loss outcomes at 6 months and may not
extrapolate to longer timeframes or weight maintenance, although early physical activity
and weight loss are both highly associated with long-term outcomes (Unick et al., 2015;
Unick et al., 2020). Given that the SUR model explained only 20% of the variance in
weight loss, there are other contributing factors associated with weight loss that were
not included in this analysis [e.g. self-monitoring of diet or weight (Burke et al., 2011);
weight compensation from increased energy intake and appetite (Martin et al., 2019)]
and might interact with the physical activity goals provided. However, other studies
have also reported that physical activity accounted for 20% of the variance in weight
loss outcomes (Jakicic et al., 2018), aligning with the current study. It is also important
to note that despite the high correlation between attainment of the steps-based and
minutes-based goals, the net effects found were both highly statistically significant,
which minimizes concerns of multicollinearity (Lindner et al., 2020). Finally, a causal
relationship between adherence to the program goals and weight loss cannot be deter-
mined from these post hoc analyses.

In light of the significant contributions to weight loss outcomes observed for both of
the physical activity goals in this exploratory study, future trials examining the effective-
ness of single and combined physical activity goal prescriptions on weight loss in a digi-
tally-based behavioral weight control intervention are clearly warranted. In addition,
determining how physical activity preferences, motivators, and barriers/facilitators for
the two physical activity prescriptions may impact goal attainment, treatment engage-
ment, and ultimate weight loss would substantively advance our understanding of best
clinical practices and could offer important guidance for policy statements.

Conclusions

Findings from this study advance the literature regarding the role of steps-based and
minutes-based goals on weight loss in an online behavioral weight control program.
The two physical activity goal prescriptions were each independently and similarly
associated with weight loss outcomes, suggesting that either type of goal may be rec-
ommended as part of a comprehensive behavioral obesity treatment program;
however, goal attainment for both steps and minutes was low over the course of the 6-
month program. While meeting 100% of the steps-based and minutes-based goals
each week may provide the greatest impact on weight loss success, meeting at least
75% of the goals still increased the probability of reaching clinically meaningful weight
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loss. Therefore, the search for optimal physical activity thresholds for weight loss and
behavioral techniques aimed at increasing adherence is critical, while consideration
must be paid to whether different strategies may be needed to increase engagement for
the two physical activity targets.
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