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Abstract 

Background NULevel was a randomized control trial to evaluate a technology-assisted weight loss maintenance (WLM) program in the UK. 
The program included: (a) a face-to-face goal-setting session; (b) an internet platform, a pedometer, and wirelessly connected scales to monitor 
and report diet, physical activity, and weight, and; (c) regular automated feedback delivered by mobile phone, tailored to participants’ progress. 
Components were designed to target psychological processes linked to weight-related behavior. Though intervention participants showed in-
creased physical activity, there was no difference in WLM between the intervention and control groups after 12 months (Sniehotta FF, Evans 
EH, Sainsbury K, et al. Behavioural intervention for weight loss maintenance versus standard weight advice in adults with obesity: A randomized 
controlled trial in the UK (NULevel Trial). PLoS Med. 2019; 16(5):e1002793. doi:10.1371/journal.pmed.1002793). It is unclear whether the program 
failed to alter targeted psychological processes, or whether changes in these processes failed to influence WLM.

Purpose We evaluate whether the program influenced 16 prespecified psychological processes (e.g., self-efficacy and automaticity toward diet 
and physical activity), and whether these processes (at 6 months) were associated with successful WLM (at 12 months).

Methods 288 adults who had previously lost weight were randomized to the intervention or control groups. The control group received wireless 
scales and standard advice via newsletters. Assessments occurred in person at 0, 6, and 12 months.

Results The intervention significantly altered 10 of the 16 psychological processes, compared with the control group. However, few processes 
were associated with WLM, leading to no significant indirect effects of the intervention via the processes on WLM.

Conclusions Changes in targeted processes were insufficient to support WLM. Future efforts may more closely examine the sequence of ef-
fects between processes, behavior, and WLM.

Lay summary 

Many tools exist to help people lose weight, but it is common for people to regain that weight over time. Thus, understanding how to support 
the maintenance of weight loss remains a priority. The NULevel program was a 12-month weight loss maintenance (WLM) intervention for in-
dividuals who had recently lost weight. It promoted psychological factors, shown to be tied to weight-related behaviors, using face-to-face and 
technology-based (e.g., mobile phone feedback) elements. For example, the program encouraged making plans to improve lifestyles (e.g., exer-
cise, better diet) and promoted people’s confidence in these behaviors. However, the program was not more successful than a control condition 
in maintaining weight loss. We sought to understand why this occurred. We found that the program was indeed successful in influencing most 
of the psychological factors it targeted. Instead, it was the psychological factors that failed to predict WLM. Were the psychological factors insuf-
ficient to impact behavior? Or did the promoted behaviors fail to aid WLM? Future research should focus on answering such questions. Doing 
so would inform whether interventions should target different psychological factors to change behaviors, or choose different sets of behaviors 
to support WLM.

Keywords Body weight ∙ Weight loss ∙ Health promotion ∙ Randomized controlled trial ∙ Obesity ∙ Process study
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To help manage health effects related to high body weight, it 
is beneficial for intervention strategies to be available that not 
only help people pursue weight loss goals, but also maintain 
weight loss over time. Yet, strategies that support weight loss 
maintenance (WLM) have proven difficult to identify—an 
issue that remains a key challenge in obesity management [1]. 
The NULevel trial tested a scalable, low-intensity, technology-
assisted intervention to support WLM over a 12-month 
period [2]. Participants, who had an initial body mass index 
(BMI) ≥30 and then lost at least 5% of their bodyweight prior 
to entering the trial, experienced limited weight gain (mean 
= 1.8 kg) during the trial period; however, the rate of weight 
gain did not differ significantly between those randomized to 
the intervention or the control condition [3]. Why was the 
intervention not superior to the control condition? Did it 
fail to engage the psychological processes it was designed to 
target (e.g., self-efficacy, planning, and automaticity)? Were 
changes in these processes unrelated to WLM? Or might an-
other explanation underlie these results? The present paper 
addresses these questions using data from the NULevel trial 
that tracked changes in a set of 16 targeted psychosocial con-
structs over the 12-month study period.

Mapping an Intervention Effect for NULevel 
Using the Experimental Medicine Approach

The effectiveness of behavioral interventions relies on their 
ability to elicit change in one or more target constructs (e.g., 
self-efficacy, planning) that in turn change a desired health 
outcome (e.g., body weight). This framework is captured by a 
series of paths that comprise the Experimental Medicine ap-
proach (see Fig. 1A)—one path links the intervention to the 
targeted construct(s) (i.e., the engagement path) and the other 
links the targeted construct(s) to the primary outcome (i.e., 

the validity path [4, 5]). Elucidating the operation of these 
paths is a key part of intervention process evaluation as it can 
clarify why an intervention is or is not effective.

The NULevel intervention was grounded on the premise 
that WLM is a function of sustained patterns of dietary be-
havior, physical activity, and weight monitoring. To pro-
mote such sustained behaviors, the program was developed 
in line with a systematic review of theories of behavioral 
maintenance [6], with a particular focus on self-regulation 
theories [7, 8]—which we observed to underpin previously 
successful WLM interventions [9]. Such theories emphasize 
that a person’s success at maintaining behaviors (e.g., greater 
physical activity, improved diet) generally depends on their 
ability to confidently enact self-regulation strategies (e.g., 
self-monitoring, action planning), particularly in the face of 
challenges (e.g., using coping planning to resist temptations). 
The theories further emphasize the importance of sustaining 
motivation throughout goal pursuit (e.g., such as by feeling 
satisfaction with obtained changes) and of maintaining ad-
equate regulatory resources (e.g., automatizing behaviors to 
conserve energy [6]).

The current intervention engaged with the themes above 
by targeting five classes of constructs: (a) people’s percep-
tions of control over, and confidence in, engaging in weight-
related behaviors (i.e., physical activity, dietary change, and 
self-weighing); (b) their energy levels for these behaviors; (c) 
their ability to develop and implement plans to manage these 
behaviors; (d) the degree to which these behaviors become 
automated; and (e) their satisfaction with the outcomes af-
forded by changes in their weight. To target these constructs, 
intervention participants engaged in an initial goal-setting ses-
sion and used an internet-based platform to track their diet, 
physical activity, and weight. Participants were also given a 
pedometer and a wireless scale, with instructions to weigh 

Fig. 1. Theoretical models guiding our analyses. The upper panel (Panel A) outlines our project within the experimental medicine (EM) approach to health 

behavior change. The lower panel (Panel B) provides a directed acyclic graph (DAG) delineating how the variables in Panel A play are theorized to operate 

over the three time points of the NULevel trial. Panel B also represents a path diagram that matches the path analytic models computed in the current 

project. Path a captures the direct effect of the intervention on psychological processes at 6 months (6M). Path b captures the direct effect of the 

psychological process (measured at 6 months) on weight at 12 months (12M). The composite Path a × b captures the indirect effect of the intervention 

on weight at 12 months (12M) attributed to changes on the process at 6 months (6M; accounting for paths c and d × e). Path c captures the direct 

effect of the intervention on weight at 12 months (12M; accounting for paths a × b and d × e). Path d captures the direct effect of the intervention on 

weight at 6 months (6M). Path e captures the direct effect of weight at 6 months (6M) on weight at 12 months (12M). Finally, the composite Path d × e 

captures the indirect effect of the intervention on weight at 12 months (12M) attributed to changes on weight at 6 months (6M). Panel B also shows the 

theorized roles of weight and the psychological processes at baseline (B) as they relate to other variables in the model.
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themselves daily. Feedback via text messages and phone were 
then incorporated to further promote the psychological vari-
ables [2, 3].

Leveraging measures of the targeted constructs at baseline, 
6 months, and 12 months, we examined two exploratory 
questions: (a) During the first 6 months of the trial, did the 
intervention elicit greater change in the targeted constructs 
than did the control condition?, and (b) To what extent did 
initial changes in the targeted constructs lead to change in 
weight during the last 6 months of the trial? Answers to the 
first question will indicate whether the intervention engaged 
the constructs it was designed to target, and answers to the 
second question will indicate whether the targeted constructs 
were successful predictors of weight maintenance.

Methods

The NULevel trial was a registered two-armed randomized 
controlled superiority trial [10]. The analyses making up the 
current work were also preregistered prior to conducting ana-
lyses [11], outlining measures to be used, how measures were 
to be scored, and analyses to be conducted. The current work 
reports all preregistered analyses without deviation.

Sample

Participants were recruited in England between April 2014 and 
May 2015. Participants were 288 adults (≥18 years) who (a) 
had lost 5% or more of their weight in the 12 months pre-
ceding the trial and (b) had had a BMI equal to or greater than 
30 kg/m2 (or ≥28 kg/m2 for individuals of South Asian descent) 
within 12 months preceding the NULevel trial. Participants 
had a mean age of 41.8 years, a mean baseline weight of 
85.6 kg, and a mean baseline BMI of 30.9 kg/m2. Additionally, 
77% identified as female (33% as male), about half (49%) 
had a household income of £40,000 or above, and most were 
employed full (61%) or part-time (17%). Overall, 144 partici-
pants were randomly allocated to the intervention group and 
144 to the control group. Further details on recruitment, in-
clusion and exclusion criteria, randomization, and participant 
demographics were previously reported [2, 3].

NULevel Arms

Detailed descriptions of the intervention design and con-
trol groups are reported elsewhere [2, 3]. In brief, the inter-
vention lasted 12 months and consisted of elements such 
as a face-to-face goal-setting session, along with access to 
an internet-based platform, a pedometer, and a wirelessly 
connected scale—which participants were instructed to use 
to regularly monitor and report their diet, physical activity, 
and weight. The intervention group was given regular 
feedback tailored to people’s goal progress, delivered via 
short message service (SMS) messages with links to mobile 
internet content. A “traffic light” system was also set up 
to trigger contacts (by phone) with the intervention team 
based on participant weight regain. This system allowed 
the intervention to be less intensive when participants’ 
weight was stable.

Intervention elements were designed to target processes 
tied to WLM behavior change, including the 16 variables 
in Table  1. For example, during the face-to-face sessions, 
participants made plans to engage in physical activity and 
healthy eating, and generated strategies to overcome bar-
riers–engaging in action planning and coping planning, 

while bolstering their confidence and capability in enacting 
the behaviors. SMS messages were used to encourage further 
planning and goal regulation, prompt behaviors and habit-
formation (automaticity), and to highlight past and current 
successes (reinforcing satisfaction with outcomes).

The control group received a wirelessly connected scale—
which they could use to monitor their weight, though they 
were not instructed to do so—and standard National Health 
Service lifestyle advice delivered using an SMS link once every 
three months. Both groups were aware that data from the 
wireless scales would be sent to the research team.

Variables/Measures

Each variable was measured at three time points: baseline (B; 
pre-intervention), 6 months into the intervention (6M), and 
at 12 months, immediately upon completing the intervention 
(12M; post-intervention).

Weight

The primary outcome was body weight, in kilograms (kg) as-
sessed at 12 m. At B and 12M, weight was measured using 
a digital portable scale by research staff who were blind to 
group allocations. At 6M participants self-reported their 
weight, and a subset of participants (N = 68) also provided 
self-reports at 12M (in addition to measurements by staff). 
The self-reports and objective measures at 12M were cor-
related at r = 0.998, and most participants reported weights 
equal to that obtained via objective measurement. This sug-
gests that participants’ self-reports were highly accurate (see 
Supplementary Files for more details). Thus, the current pro-
ject used objective weight measurements at B and 12M, sup-
plemented by self-reports at 6M.

16 Psychological Processes

At all three time points, participants completed measures of 
16 psychological processes that have previously been tied to 
weight-related behaviors. These included measures of parti-
cipants’ satisfaction with (weight-related) changes (using the 
Weight Outcomes Satisfaction Scale [12]); perceived behav-
ioral control (PBC), self-efficacy (SE), and confidence toward 
healthy eating, physical activity, weight loss and WLM (using 
items adapted from previous scales [13, 14]); action plan-
ning and coping planning (using items adapted from previous 
scales [15]); automaticity of healthy eating, physical activity 
and self-weighing (using items adapted from the Self-Report 
Behavioral Automaticity Index [16, 17]), and; participants’ 
energy and drive (using a measure developed for the current 
study, previously referred to as “ego depletion” [3]). Table 1 
provides descriptions and example items for each process, 
and the Supplementary Materials provide additional details 
on each measure, including the full list of items, notes on the 
development of each measure, psychometric results (e.g., con-
firmatory factor analyses [CFA]), and descriptive statistics 
(e.g., means, standard deviations) by time point. Scales had 
high reliability (alphas usually above 0.90), and CFAs found 
all items to consistently and significantly load onto their re-
spective factors above 0.40.

For each multi-item measure, a mean score was calculated 
using available responses. To ease interpretation, each scale 
was scored such that higher numbers reflected a more posi-
tive disposition to engage in weight-related behaviors (higher 
score = higher satisfaction, SE, PBC, etc.). Apart from this ad-
justment, analyses used raw scores, without transformations.
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Analyses

Path analytical models were specified according to Panel B of 
Fig. 1 and computed individually for each of the 16 process 
variables in Table 1. Our primary inferences focus on three 
pathways from Fig. 1. Path a captures the direct effect of 
the intervention on the psychological processes at 6 months 
(6M), accounting for earlier levels of the processes at base-
line. Path b captures the direct effect of the processes (meas-
ured at 6 months) on weight at 12 months (12M), accounting 
for past weight. Path a × b captures the indirect effect of the 
intervention on weight at 12 months (12M) attributed to 
changes on the processes at 6 months (6M)—accounting for 
direct effects of the intervention on 12M weight, and in-
direct effects on 12M weight through 6M weight. Path a × b 
was used to evaluate mediation [18, 19]. Analyses were con-
ducted using the lavaan [20] package in R [21]. To draw in-
ferences, we used null hypothesis significance testing with an 

alpha level of 0.05. We constructed 95% confidence inter-
vals (CI) using a bias-corrected bootstrap percentile method 
with 10,000 bootstrap samples. Full information maximum 
likelihood was used to account for missing data [22–24]. 
Our analysis script is available at: https://osf.io/5qnu7/.

Results

Weight per Time Point

There was no difference in weight maintenance across the 
two conditions, reproducing past findings [3]. In the control 
group, mean weight [and 95% CI] at each time point was: B = 
85.51 kg [82.92, 88.11]; 6M = 83.92 kg [80.93, 86.91]; and 
12M = 86.67 kg [83.63, 89.71]. In the intervention group, the 
weights at each time point were: B = 85.58 kg [82.71, 88.44]; 
6M = 84.63 kg [80.99, 88.26]; and 12M = 87.03 kg [83.81, 
90.26].

Table 1 Summary of the 16 Psychological Process Variables Measured

Process variable Description Example item (number of items) Scaling α
s

01.  Satisfaction with 
changes

Satisfaction with weight change related 
outcomes (e.g., self-esteem, fit in 
clothes).

How satisfied are you with [change in] your 
self-esteem? (11)

1 = unhappy/dissatisfied; 
3 = happy/satisfied

0.91
0.94

02.  PBC: Healthy 
eating

Confidence in and perceived ease of 
eating healthy foods in moderation.

How confident are you in your ability to eat 
healthy foods in moderation? (2)

1 = Not confident; 7 = 
confident

0.75
0.86

03.  PBC: Physical 
activity

Confidence in and perceived ease of 
being physically active every day.

How confident are you in your ability to be 
physically active every day? (2)

1 = Not confident; 7 = 
confident

0.83
0.86

04.  Confidence: 
Weight loss

Confidence in ability to lose weight. How confident are you in your ability to 
lose weight? (1)

1 = Not confident; 7 = 
confident

n/a

05. Confidence: WLM Confidence in ability to maintain 
weight loss.

How confident are you in your ability to 
maintain weight loss? (1)

1 = Not confident; 7 = 
confident

n/a

06.  SE: Emotional 
eating

Perceived capacity to avoid unhealthy 
foods when experiencing negative 
affect

I can resist eating unhealthy food when I am 
anxious. (3)

1 = False; 4 = True 0.91
0.95

07.  SE: Unhealthy 
food context

Perceived capacity to avoid unhealthy 
foods in the face of contextual bar-
riers.

I can resist eating unhealthy food even when 
I am at a party. (10)

1 = False; 4 = True 0.86
0.93

08.  SE: Physical ac-
tivity barriers

Perceived capacity to engage in phys-
ical activity even in the face of 
barriers.

I will be physically active every day even 
when I am sad. (12)

1 = False; 4 = True 0.95
0.96

09.  Action planning: 
physical activity

Making concrete plans to be physically 
active.

I have made a detailed plan regarding when 
to be physically active. (3)

1 = Totally disagree; 4 = 
Totally agree

0.95
0.96

10.  Action planning: 
Healthy eating

Making concrete plans to make 
healthy food choices.

I have made a detailed plan regarding when 
to make healthy food choices. (3)

1 = Totally disagree; 4 = 
Totally agree

0.96
0.97

11.  Coping planning: 
Physical activity

Making plans to overcome barriers 
against physical activity.

I have made a detailed plan regarding how 
to keep on being physically active in diffi-
cult situations. (3)

1 = Totally disagree; 4 = 
Totally agree

0.96
0.96

12.  Coping planning: 
Healthy eating

Planning to overcome barriers and 
temptations against healthy eating.

I have made a detailed plan regarding what 
to do if I’m tempted by unhealthy foods. 
(4)

1 = Totally disagree; 4 = 
Totally agree

0.94
0.95

13.  Automaticity: 
Healthy eating

Automaticity of healthy eating be-
havior.

Making healthy food choices is something I 
do automatically. (5)

1 = False; 4 = True 0.93
0.95

14.  utomaticity: 
 Physical activity

Automaticity of doing physical activity 
behavior.

Being physically active is something I do 
without thinking. (5)

1 = False; 4 = True 0.96
0.97

15.  Automaticity: 
 Self-weighing

Automaticity of engaging in self-
weighing behavior.

Weighing myself is something I do without 
having to consciously remember. (5)

1 = False; 4 = True 0.95
0.97

16. Energy and drive Feeling energetic and driven, as op-
posed to exhausted and fatigued.

Over the last 2 weeks I have felt full of vi-
tality. (12)

1 = None of the time; 5 
= All of the time

0.93
0.94

α
s
 lowest and highest Standardized Reliability Alphas (for 3+ item scales) or r (for 2 items scales) across the three time points of the study; n/a not 

applicable; PBC perceived behavioral control; Scaling example anchors used with items, reflecting the minimum/maximum possible scores; SE self-efficacy; 
WLM weight loss maintenance.
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Change in Processes from B to 6M

To contextualize our findings, Table 2 provides the results of 
paired-sample t-tests evaluating the degree to which parti-
cipants’ scores on each psychological process changed from 
B to 6M, expressed as Cohen’s d, by study group. Overall, 
the control group showed notable declines in many processes 
from B to 6M (10 of 16 variables decreased by d = −0.21 to 
−0.62). In contrast, declines were generally less pronounced, 
often even absent, in the intervention group, which even 
showed significant increases in three process variables (in-
creases of d = 0.23 to 0.51).

Inferential Tests of the Role of Each Process

Table 2 presents the results of path analytic models, specified 
in line with Fig. 1 (Panel B), for each of the 16 psychological 
processes. We present standardized coefficients for Path a, 
Path b, and the indirect effect of Path a × b. For these paths 
(and other paths in Fig. 1), the Supplementary Materials 
additionally provide unstandardized regression coefficients, 
standard errors, 95% CIs, exact p-values, fit indices, and co-
efficients of determination (R2). Path a was significant for 9 
of the 16 processes; indicating that compared with the con-
trol condition, the intervention was better able to sustain (i.e., 
avoid declines in) or increase people’s levels of satisfaction, 
PBC (for healthy eating), confidence (toward weight loss and 
WLM), SE (in the face of unhealthy food), action and coping 
planning (for healthy eating), and automaticity (for healthy 
eating and self-weighing). Yet, there was limited evidence 
that the psychological processes were associated with weight 
change; Path b was significant in only three instances (PBC 

for physical activity; automaticity for healthy eating; energy 
and drive), and the mediational Path a × b was never signifi-
cant.

Discussion

The degree to which behavioral interventions are successful 
often depends on their ability to change psychological pro-
cesses, and, in turn, on the degree to which changes in those 
processes are sustained and impact people’s behaviors [4, 5].  
In this project, we conducted a process analysis of the 
NULevel trial to identify why the intervention did not out-
perform a control group to impact WLM. To do this, we 
examined the influence of the intervention on 16 psycho-
logical processes targeted by the intervention (Fig. 1, Path 
a), the degree to which change in these processes was asso-
ciated with weight change over time (Path b), and the extent 
to which these two forces jointly impacted weight change 
outcomes (Path a × b).

Our analyses revealed several patterns. First, the inter-
vention appeared to alter how most of the psychological 
processes it targeted changed over time (Path a). Generally, 
participants in the control group showed substantial decline 
on most processes over time (e.g., in satisfaction, weight loss 
confidence, and action planning), but this decline was attenu-
ated within the intervention condition. For a few processes 
(e.g., confidence in WLM, automaticity), participants in the 
intervention condition showed increased scores over time, 
relative to the control group. Despite the intervention’s ability 
to stabilize or promote psychological processes, we found 

Table 2 Summary of Results with Path Analytic Models Specified According to Fig. 1 (Panel B)

Process variable Descriptive means Process change

(t-tests: B → 6M)

Path analytic 

findings

Control Intervention Control Intervention Path a Path b Path a × b

B (6M) B (6M) d sig. d sig. β sig. β sig. β sig.

01. Satisfaction with changes 2.63 (2.22) 2.65 (2.47) −0.62 *** −0.34 *** 0.18 ** −0.02 0.00

02. PBC: Healthy eating 5.10 (4.82) 5.41 (5.60) −0.26 ** 0.11 0.21 *** −0.09 t −0.02 t

03. PBC: Physical activity 4.63 (4.29) 4.70 (4.56) −0.21 * −0.11 0.07 −0.05 * 0.00

04. Confidence: Weight loss 5.15 (4.33) 5.51 (5.00) −0.56 *** −0.31 *** 0.16 ** −0.04 −0.01

05. Confidence: WLM 4.16 (4.08) 4.30 (5.20) −0.09 0.51 *** 0.30 *** −0.04 −0.01

06. SE: Emotional eating 2.44 (2.56) 2.76 (2.61) 0.08 −0.14 −0.04 −0.01 0.00

07. SE: Unhealthy food context 2.94 (2.75) 2.94 (2.94) −0.35 *** 0.00 0.15 ** −0.02 0.00

08. SE: Physical activity barriers 2.92 (2.70) 2.96 (2.80) −0.34 *** −0.21 * 0.05 −0.05 0.00

09. Action planning: Physical activity 2.91 (2.59) 2.83 (2.66) −0.33 *** −0.11 0.07 0.00 0.00

10. Action planning: Healthy eating 3.15 (2.78) 3.30 (3.20) −0.43 *** −0.12 0.20 *** −0.02 0.00

11. Coping planning: Physical activity 2.17 (2.06) 2.22 (2.28) −0.16 t 0.07 0.11 t −0.03 0.00

12. Coping planning: Healthy eating 2.62 (2.43) 2.81 (2.85) −0.24 * 0.03 0.19 ** −0.03 −0.01

13. Automaticity: Healthy eating 2.60 (2.63) 2.74 (2.94) 0.05 0.23 * 0.14 * −0.14 * −0.02 t

14. Automaticity: Physical activity 2.36 (2.36) 2.42 (2.49) 0.02 0.10 0.05 −0.05 0.00

15. Automaticity: Self-weighing 2.68 (2.67) 2.72 (3.19) 0.00 0.41 *** 0.25 *** −0.01 0.00

16. Energy and drive 3.39 (3.15) 3.51 (3.24) −0.42 *** −0.34 *** 0.02 −0.06 * 0.00

β standardized coefficient; 6M 6-month follow-up; B baseline; d Cohen’s d; PBC perceived behavioral control; SE self-efficacy; sig. significance level;  
WLM weight loss maintenance. Bold font indicates significance at p < .05.
aSee Supplementary Materials (Table S49) for full t-test results (e.g., for unstandardized difference scores, 95% CIs, and exact p-values).
bSee Supplementary Materials (Tables S33–S48) for full path analytic results (e.g., for unstandardized effects, standard errors, 95% CIs, exact p-values, fit 
indices).
***p < .001; **p < .01; *p < .05; tp < .10.
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limited support for higher scores on these processes being 
associated with successful WLM (Path b) over time within 
the context of this trial. Consequently, the operation of the 
intervention on weight outcomes through these processes (the 
composite Path a × b) was never significant. This occurred 
despite an observation that within any given time point (i.e., 
cross-sectionally), the majority of processes were significantly 
correlated with weight.

If the intervention successfully engaged the psychological 
processes it targeted, then why did these changes not lead to 
greater WLM? One explanation would be that, though the 
processes are amenable to influence via intervention, they 
may not be reliable determinants of WLM. Given that these 
processes were selected based on their theoretical relevance 
to behavioral maintenance [6–8], replicating our findings 
in other interventions would be necessary before seeking to 
dismiss the processes. This is particularly so as other explan-
ations could also account for our findings. In particular, we 
note that both the intervention and the control group per-
formed well, each gaining an average of less than 1.5 kg over 
the 12 months of the trial. It is possible that the provision of 
elements such as a wireless scale to the control group, along 
with the knowledge that data from these scales would be 
accessible to the research team, was sufficient to encourage 
certain processes (e.g., self-monitoring) that supported WLM 
[25–27]. This possibility is consistent with the observation 
that, during the trial, control group participants frequently 
engaged in self-weighing, averaging twice a week [3]. If so, 
this could have attenuated our chances of finding the inter-
vention to be favorable relative to the control (though the 
link between self-weighing and WLM remains to be verified). 
Similarly, attenuated variability in WLM across the groups 
may have interfered with observing associations over time be-
tween processes and weight change (Path b).

A second possible explanation for our findings is that al-
though the intervention impacted WLM processes, the ef-
fects may have been too small to differentially affect WLM. 
Consistent with this point, when the effects of the NULevel 
intervention on processes at 6 months were present (i.e., stat-
istically significant for 9 of 16 variables) these could only be 
qualified as small-to-medium in magnitude [28]. Perhaps 
more important, however, is that the processes themselves are 
thought of as direct precursors to behavior, not weight change, 
and it is behavior (not the processes themselves) that ultim-
ately affects weight. Thus, the lack of substantial effects from 
the processes to WLM could reflect either a failure of the pro-
cesses to impact behavior, or that changes in behavior had only 
a modest impact on weight. For example, the association be-
tween weight and change in behaviors such as physical activity, 
diet, and self-weighing is known to be variable [26, 29–32]. 
Such a dynamic could considerably attenuate the overall im-
pact of targeting processes to alter behavior to then impact 
weight. The lack of a behavioral analysis is an important limi-
tation of the current study, and should be a major focus for 
future work. Additionally, inferences are limited by the time 
frames that were used to assess the constructs of interest. For 
instance, it is possible that assessing weight at 6-month inter-
vals was too infrequent, and that using shorter time intervals 
(e.g., weekly or monthly) would reveal more consistent associ-
ations between the proposed processes and weight. Likewise, 
many of the process measures were brief in scope, and it may 
be that clearer mediational patterns would emerge by using 
more comprehensive and frequent measures of the processes.

Ultimately, establishing whether the processes elicit change 
in desired WLM behaviors (healthier diet, physical activity), 
and how reliably such behaviors determine WLM, will not 
only provide further insights on the NULevel trial, but will 
inform future intervention efforts as well. For instance, if 
both pathways hold, but only show modest effects, it could 
be that the intensity of the intervention was too low, and that 
stronger impacts on the 16 psychological processes should be 
sought. In the current trial, most of the significant effects were 
also related to the intervention dampening reductions in the 
processes otherwise seen in the control group rather than bol-
stering them in the intervention group. If processes need to 
be maintained above a certain threshold level to have an im-
pact on behavior and WLM [33], then the intervention might 
need to achieve stronger bolstering effects on the processes to 
achieve WLM. As the intervention was designed to be low-
intensity to facilitate scalability [2, 3], implementing methods 
to augment the strength of the intervention could remain 
promising. This could be by increasing the “dosage” of the 
behavior change techniques (BCTs) [34] used, or by tailoring 
their use to better account for people’s needs/preferences [35].

In contrast, if there is no effect between the processes and 
the behaviors, or between behaviors and WLM, then this 
would suggest targeting other psychological processes than 
assessed in the current study (using appropriate BCTs) [34], 
or more specific forms of behaviors that have more consistent 
effects on WLM. Both of these possibilities offer substantial 
avenues for future intervention work. In paying attention to 
the effects between processes, behaviors, and WLM, it may 
also be useful to examine the degree to which these vary 
across groups of participants, as it is unlikely all participants 
experience benefits via the same mechanisms of action. Such 
information would be invaluable to further personalize future 
WLM interventions.

Funding

The NULevel trial was funded by the UK National Prevention 
Research Initiative (NPRI) Phase 4 (grant MR/J000477/1). 
The NPRI includes the following Funding Partners (in al-
phabetical order): Alzheimer’s Research Trust, Alzheimer’s 
Society, Biotechnology and Biological Sciences Research 
Council, British Heart Foundation, Cancer Research 
UK, Chief Scientist Office, Scottish Government Health 
Directorate, Department of Health, Diabetes UK, Economic 
and Social Research Council, Health and Social Care Research 
and Development Division of the Public Health Agency (HSC 
& R&D Division), Medical Research Council, The Stroke 
Association, Wellcome Trust, Welsh Assembly Government, 
and World Cancer Research Fund. K.J.D. received funds 
from the Fonds de Recherche du Québec, in partnership with 
the Quebec Strategy for Patient-Oriented Research Support 
Unit. The funders had no role in study design, data collec-
tion and analysis, decision to publish, or preparation of the 
manuscript. For the purpose of open access, the author has 
applied a Creative Commons Attribution (CC BY) licence to 
any Author Accepted Manuscript version arising from this 
submission.

Compliance with Ethical Standards

Authors’ Statement of Conflict of Interest and Adherence 
to Ethical Standards Keven Joyal-Desmarais, Alexander J. 

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/a
b
m

/a
rtic

le
/5

8
/4

/2
9
6
/7

6
1
3
3
5
6
 b

y
 g

u
e
s
t o

n
 2

2
 M

a
rc

h
 2

0
2
4



302 ann. behav. med. (2024) 58:296–303

Rothman, Elizabeth H. Evans, Vera Araújo-Soares, Falko F. 
Sniehotta declare that they have no conflict of interest. All 
procedures, including the informed consent process, were 
conducted in accordance with the ethical standards of the 
responsible committee on human experimentation (institu-
tional and national) and with the Helsinki Declaration of 
1975, as revised in 2000.

Authors’ Contributions Keven Joyal-Desmarais 
(Conceptualization [lead], Data curation [equal], Formal 
analysis [lead], Methodology [lead], Project administration 
[lead], Software [lead], Validation [lead], Visualization [lead], 
Writing – original draft [lead], Writing – review & editing 
[lead], Alexander J. Rothman (Investigation [supporting], 
Methodology [supporting], Project administration [equal], 
Supervision [lead], Writing – original draft [supporting], 
Writing – review & editing [equal]), Elizabeth H. Evans 
(Conceptualization [equal], Data curation [lead], Investigation 
[equal], Methodology [supporting], Writing – review & 
editing [equal]), Vera Araújo-Soares (Conceptualization 
[equal], Funding acquisition [equal], Investigation [equal], 
Methodology [equal], Supervision [equal], Writing – review 
& editing [equal]), and Falko F. Sniehotta (Conceptualization 
[equal], Funding acquisition [lead], Investigation [equal], 
Methodology [equal], Supervision [equal], Writing – review 
& editing [equal])

Transparency Statements The current project was pre-
registered through the Open Science Framework at osf.io/
w8ryh. This preregistration covered the full analysis plan. 
Data are available from the NIHR Clinical Trials Unit North 
East for researchers who meet the criteria for access to con-
fidential data (nctu-nquiries@newcastle.ac.uk). A project 
page for this work can be accessed at osf.io/5qnu7. Our 
project page contains the analysis script files for the results 
we report, along with our Supplementary Files (e.g., survey 
items used).

Supplementary Material

Supplementary material is available at Annals of Behavioral 
Medicine online.

References

1. MacLean PS, Wing RR, Davidson T, et al. NIH working group re-

port: innovative research to improve maintenance of weight loss. 

Obesity (Silver Spring, Md.). 2015; 23(1): 7–15. doi:10.1002/

oby.20967

2. Evans EH, Araújo-Soares V, Adamson A, et al. The NULevel trial of 

a scalable, technology-assisted weight loss maintenance interven-

tion for obese adults after clinically significant weight loss: study 

protocol for a randomised controlled trial. Trials. 2015; 16(1): 

1–17. doi:10.1186/s13063-015-0931-7

3. Sniehotta FF, Evans EH, Sainsbury K, et al. Behavioural interven-

tion for weight loss maintenance versus standard weight advice 

in adults with obesity: a randomised controlled trial in the UK 

(NULevel Trial). PLoS Med. 2019; 16(5): e1002793. doi:10.1371/

journal.pmed.1002793

4. Sheeran P, Klein WM, Rothman AJ. Health behavior change: 

moving from observation to intervention. Annu Rev Psychol. 

2017; 68: 573–600. doi:10.1146/annurev-psych-010416-044007

5. Nielsen L, Riddle M, King JW, et al; NIH Science of Behavior 

Change Implementation Team. The NIH science of behavior change 

program: transforming the science through a focus on mechan-

isms of change. Behav Res Ther. 2018; 101: 3–11. doi:10.1016/j.

brat.2017.07.002

6. Kwasnicka D, Dombrowski SU, White M, Sniehotta F. Theoretical 

explanations for maintenance of behaviour change: a systematic 

review of behaviour theories. Health Psychol Rev. 2016; 10(3): 

277–296. doi:10.1080/17437199.2016.1151372

7. Kanfer FH, Goldstein AP. Helping People Change. Elmsford: 

Pergamon Press; 1975.

8. Schwarzer R. Modeling health behavior change: how to pre-

dict and modify the adoption and maintenance of health 

behaviors. Appl Psychol. 2008; 57(1):1–29. doi:10.1111/j.1464-

0597.2007.00325.x

9. Dombrowski SU, Knittle K, Avenell A, Araújo-Soares V, Sniehotta 

FF. Long term maintenance of weight loss with non-surgical inter-

ventions in obese adults: systematic review and meta-analyses of 

randomised controlled trials. BMJ. 2014; 348: g2646.

10. Sniehotta FF. Weight loss maintenance intervention for obese 

adults after clinically significant weight loss. ISRCTNregistry 

identifier: ISRCTN14657176. Updated August 5, 2019. doi: 

10.1186/ISRCTN14657176. Available at: https://www.isrctn.com/

ISRCTN14657176. Accessibility verified March 7, 2023.

11. Joyal-Desmarais K, Rothman AJ, Sniehotta FF, Evans EH, Araujo-

Soares V. NULevel evaluation of individual mechanisms. OSF 

Registries. Registered October 25, 2019. Available at https://osf.io/

w8ryh. Accessibility verified March 7, 2023.

12. Finch EA, Linde JA, Jeffery RW, Rothman AJ, King CM, Levy RL. 

The effects of outcome expectations and satisfaction on weight loss 

and maintenance: correlational and experimental analyses-a ran-

domized trial. Health Psychol. 2005; 24(6): 608–616.

13. Schwarzer R, Renner B. Health-specific self-efficacy scales. 2009. 

Available at https://userpage.fu-berlin.de/health/healself.pdf. Ac-

cessibility verified March 7, 2023.

14. Clark MM, Abrams DB, Niaura RS, Eaton CA, Rossi JS. Self-

efficacy in weight management. J Consult Clin Psychol. 1991; 

59(5): 739–744. doi:10.1037//0022-006x.59.5.739

15. Sniehotta FF, Schwarzer R, Scholz U, Schüz B. Action planning 

and coping planning for long‐term lifestyle change: theory and as-

sessment. Eur J Soc Psychol. 2005; 35(4): 565–576. doi:10.1002/

ejsp.258

16. Verplanken B, Orbell S. Reflections on past behavior: a self-report 

index of habit strength. J Appl Soc Psychol. 2003; 33(6): 1313–

1330. doi:10.1111/j.1559-1816.2003.tb01951.x

17. Gardner B, Abraham C, Lally P, de Bruijn G-J. Towards parsimony in 

habit measurement: testing the convergent and predictive validity of 

an automaticity subscale of the Self-Report Habit Index. Int J Behav 

Nutr Phys Act. 2012; 9(1): 102–112. doi:10.1186/1479-5868-9-102

18. Preacher KJ, Hayes AF. Asymptotic and resampling strategies for 

assessing and comparing indirect effects in multiple mediator 

models. Behav Res Methods. 2008; 40(3): 879–891. doi:10.3758/

BRM.40.3.879

19. Preacher KJ, Hayes AF. SPSS and SAS procedures for estimating 

indirect effects in simple mediation models. Behav Res Methods 

Instrum Comput. 2004; 36(4): 717–731. doi:10.3758/BF03206553

20. Rosseel Y. An R package for structural equation modeling. J Stat 

Softw. 2012; 48(2): 1–36. doi:10.18637/jss.v048.i02

21. R Core Team. R: A language and environment for statistical com-

puting. 2018. Available at https://www.R-project.org/. Accessibility 

verified February 10, 2024.

22. Graham JW. Missing data analysis: making it work in the real 

world. Annu Rev Psychol. 2009; 60: 549–576. doi:10.1146/

annurev.psych.58.110405.085530

23. Schafer JL, Graham JW. Missing data: our view of the state of the 

art. Psychol Methods. 2002; 7(2): 147–177. doi:10.1037/1082-

989X.7.2.147

24. Schlomer GL, Bauman S, Card NA. Best practices for missing data 

management in counseling psychology. J Couns Psychol. 2010; 

57(1): 1–10. doi:10.1037/a0018082

25. VanWormer JJ, French SA, Pereira MA, Welsh EM. The impact 

of regular self-weighing on weight management: a systematic 

literature review. Int J Behav Nutr Phys Act. 2008; 5(1): 54. doi: 

10.1186%2F1479-5868-5-54

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/a
b
m

/a
rtic

le
/5

8
/4

/2
9
6
/7

6
1
3
3
5
6
 b

y
 g

u
e
s
t o

n
 2

2
 M

a
rc

h
 2

0
2
4

mailto:nctu-nquiries@newcastle.ac.uk
https://doi.org/10.1002/oby.20967
https://doi.org/10.1002/oby.20967
https://doi.org/10.1186/s13063-015-0931-7
https://doi.org/10.1371/journal.pmed.1002793
https://doi.org/10.1371/journal.pmed.1002793
https://doi.org/10.1146/annurev-psych-010416-044007
https://doi.org/10.1016/j.brat.2017.07.002
https://doi.org/10.1016/j.brat.2017.07.002
https://doi.org/10.1080/17437199.2016.1151372
https://doi.org/10.1111/j.1464-0597.2007.00325.x
https://doi.org/10.1111/j.1464-0597.2007.00325.x
https://doi.org/10.1186/ISRCTN14657176
https://www.isrctn.com/ISRCTN14657176
https://www.isrctn.com/ISRCTN14657176
https://osf.io/w8ryh
https://osf.io/w8ryh
https://userpage.fu-berlin.de/health/healself.pdf
https://doi.org/10.1037//0022-006x.59.5.739
https://doi.org/10.1002/ejsp.258
https://doi.org/10.1002/ejsp.258
https://doi.org/10.1111/j.1559-1816.2003.tb01951.x
https://doi.org/10.1186/1479-5868-9-102
https://doi.org/10.3758/BRM.40.3.879
https://doi.org/10.3758/BRM.40.3.879
https://doi.org/10.3758/BF03206553
https://doi.org/10.18637/jss.v048.i02
https://www.R-project.org/
https://doi.org/10.1146/annurev.psych.58.110405.085530
https://doi.org/10.1146/annurev.psych.58.110405.085530
https://doi.org/10.1037/1082-989X.7.2.147
https://doi.org/10.1037/1082-989X.7.2.147
https://doi.org/10.1037/a0018082
https://doi.org/10.1186%2F1479-5868-5-54


303ann. behav. med. (2024) 58:296–303

26. Zheng Y, Klem ML, Sereika SM, Danford CA, Ewing LJ, Burke 

LE. Self-weighing in weight management: a systematic literature 

review. Obesity (Silver Spring, Md.). 2015; 23(2): 256–265.

27. Shieh C, Knisely MR, Clark D, Carpenter JS. Self-weighing in 

weight management interventions: a systematic review of litera-

ture. Obes Res Clin Pract. 2016; 10(5): 493–519. doi:10.1016/j.

orcp.2016.01.004

28. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd 

ed. New York: Routledge; 1988.

29. Foright RM, Presby DM, Sherk VD, et al. Is regular exercise an ef-

fective strategy for weight loss maintenance? Physiol Behav. 2018; 

188: 86–93. doi:10.1016/j.physbeh.2018.01.025

30. Madigan CD, Daley AJ, Lewis AL, Aveyard P, Jolly K. Is self-

weighing an effective tool for weight loss: a systematic literature 

review and meta-analysis. Int J Behav Nutr Phys Act. 2015; 12(1): 

104. doi:10.1186/s12966-015-0267-4

31. Johansson K, Neovius M, Hemmingsson E. Effects of anti-obesity 

drugs, diet, and exercise on weight-loss maintenance after a very-

low-calorie diet or low-calorie diet: a systematic review and meta-

analysis of randomized controlled trials. Am J Clin Nutr. 2013; 

99(1): 14–23. doi:10.3945%2Fajcn.113.070052

32. Jon Schoenfeld B, Albert Aragon A, Krieger JW. Effects of meal 

frequency on weight loss and body composition: a meta-analysis. 

Nutr Rev. 2015; 73(2): 69–82. doi:10.1093/nutrit/nuu017

33. Rothman AJ, Sheeran P. What is slowing us down? six challenges to 

accelerating advances in health behavior change. Ann Behav Med. 

2020; 54(12): 948–959. doi:10.1093/abm/kaaa090

34. Michie S, Richardson M, Johnston M, et al. The behavior change 

technique taxonomy (v1) of 93 hierarchically clustered techniques: 

building an international consensus for the reporting of behavior 

change interventions. Ann Behav Med. 2013; 46(1): 81–95. 

doi:10.1007/s12160-013-9486-6

35. Joyal-Desmarais K, Scharmer AK, Madzelan MK, See JV, Rothman 

AJ, Snyder M. Appealing to motivation to change attitudes, in-

tentions, and behavior: a systematic review and meta-analysis 

of 702 experimental tests of the effects of motivational message 

matching on persuasion. Psychol Bull. 2022; 148(7–8): 465–517. 

doi:10.1037/bul0000377

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/a
b
m

/a
rtic

le
/5

8
/4

/2
9
6
/7

6
1
3
3
5
6
 b

y
 g

u
e
s
t o

n
 2

2
 M

a
rc

h
 2

0
2
4

https://doi.org/10.1016/j.orcp.2016.01.004
https://doi.org/10.1016/j.orcp.2016.01.004
https://doi.org/10.1016/j.physbeh.2018.01.025
https://doi.org/10.1186/s12966-015-0267-4
https://doi.org/10.3945%2Fajcn.113.070052
https://doi.org/10.1093/nutrit/nuu017
https://doi.org/10.1093/abm/kaaa090
https://doi.org/10.1007/s12160-013-9486-6
https://doi.org/10.1037/bul0000377

