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ABSTRACT

Background: Online physical activity interventions can be an effective strategy for weight loss. However, there is
a lack of systematic reviews examining the relationship between intervention usage (dose) and participants'
response to online physical activity interventions for weight loss. It remains unclear whether certain usage
metrics (e.g. login frequency, percent of content accessed) would be associated with improvements in behavioral
outcomes. Understanding the dose-response relationship for online physical activity interventions for weight loss
would be important for designing and evaluating future interventions.

Objective: 1) Review the methods used to assess intervention usage and 2) to explore the association between
intervention usage metrics and outcomes for online physical activity interventions for weight-loss.

Methods: We conducted a systematic review following the PRISMA guidelines to examine the dose-response
relationship of online-based interventions targeting physical activity. We used the following keywords: web OR
internet OR online OR eHealth AND physical activity OR exercise, AND engagement OR dose OR dose-response
OR usage AND obesity OR weight*. Peer-reviewed articles published between 2006 and 2019 were included.
Results: A total of five articles met the inclusion criteria. The mean intervention length was 10 = 6 months
(range 2-30 months). The usage metrics were total number of logins, login frequency, and usage of online tools.
All usage metrics reported were found to be related to outcomes in physical activity interventions for weight-
loss.

Conclusion: Our findings suggest that usage metrics for online physical activity interventions for weight-loss
included login frequency, login duration, and use of online tools. Increased intervention usage appeared to be
associated with an improvement in participant's weight, physical activity behaviors, and intervention retention.
Future research should examine innovative ways to maintain intervention usage throughout the intervention.

1. Introduction

physical activity, and promote weight-loss (Marcus et al., 2007; Alley
et al., 2018; Liu et al., 2019; Liu et al., 2018; Nolan et al., 2018). These

Obesity is the leading risk factor for type 2 diabetes, cardiovascular
disease, and mortality (Patrick et al., 2011). Currently, 42.4% percent
of individuals living in the United States are overweight or obese (Hales
et al., 2020). Lifestyle changes such as regular physical activity is an
important modifiable risk factor to combat obesity. However, the World
Health Organization (2016) estimates more than 80% of adolescents
and 23% of adults do not meet the requirement of 150 min of moderate-
to-vigorous physical activity (MVPA) per week. This has led to a
growing demand for public health agencies to develop and implement
scalable physical activity programs to combat obesity and promote
weight-loss.

Recent studies have shown that online physical activity interven-
tions for weight-loss can be a scalable and effective method to increase
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studies used an online platform that promoted physical activity to
support weight-loss. Advantages of these online physical activity in-
terventions for weight-loss include the potential of reaching a large
number of participants, and improved program delivery flexibility (e.g.
provide participants convenience by enabling them to access program
content at anytime and anywhere) (White et al., 2004). Despite these
advantages, persistent usage of online-based interventions is a concern
(Eysenbach, 2005). Previous studies have reported that usage of online-
based interventions dropped under 50% within one to two month after
starting the program (Geraghty et al., 2013; Edney et al., 2019;
Wangberg et al., 2008). Low intervention usage may not necessarily
mean that participants have not improved their target behavior. It is
possible that participants have gained the necessary motivation and
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skills from the intervention before completing the intervention. This
may lead the participants to spend less time interacting with the in-
tervention content (Eysenbach, 2005; Christensen and Mackinnon,
2006; Fleming et al., 2018). It is also likely that participant engagement
decreased as a result of a lack of interest in the intervention design
(Couper et al., 2010). Thus, this has prompted recent studies to examine
the relationship between intervention usage and outcome, also known
as the dose-response relationship.

Online-based interventions enable researchers to collect objective
measures of intervention usage including log-in frequency, percentage
of content viewed, and time spent per log-in. Previous studies ex-
amining the dose-response relationship between usage and intervention
outcomes for eating disorder, depression, and smoking cessions found
that an increase in intervention usage led to improved outcomes
(Donkin et al., 2011). Currently, there is a lack of systematic reviews
examining the dose-response relationship for online physical activity
interventions for weight-loss. Therefore, this study's objectives are to 1)
review the methods used to assess intervention usage and 2) explore the
association between intervention usage metrics and outcomes for online
physical activity interventions for weight-loss.

2. Methods

This review was conducted according to the PRISMA guidelines
(Liberati et al., 2009). The parameters of the search strategy were first
defined to include articles from January 1st, 2006 to June 1st, 2019.
Academic Search Premier, Cochrane Central Register of Controlled
Trials, Health Source: Nursing/Academic Edition, MEDLINE with Full
Text, PsycARTICLES, PsycINFO were searched systematically with the
following terms: web OR Internet OR online OR eHealth AND physical
activity OR exercise, AND engagement OR dose OR dose-response OR
usage AND obesity OR weight*. We performed a backward reference
search of the articles found and included any articles that met the in-
clusion criteria.

2.1. Eligibility criteria

The title and abstract of identified studies were reviewed to make
initial exclusions. Studies were selected for review if they met the fol-
lowing inclusion criteria: published in a peer-reviewed journal, parti-
cipants were enrolled in an online physical activity intervention for
weight-loss, collected objective measures of intervention usage data
throughout the intervention, and evaluated the dose-response re-
lationship. The online physical activity can be either explicitly or as
part of a multicomponent lifestyle behavior intervention. Studies that
met the above criteria were read fully to determine if they were suitable
to include in our review. This review focused only on online-based
delivered interventions and excluded in-person interventions. However,
interventions were included if they had both an online and an in-person
component.

2.2. Quality analysis

The study quality of the five publications were evaluated by the
authors (NS, SL) using the Quality Assessment of Relevant Studies tool
created by the Effective Public Health Practice Project (EPHPP)
(Thomas et al., 2004); this tool allows for the assessment of both in-
ternal and external validity of a study. Studies were given a strong,
moderate, or weak rating after being assessed based on six sub-cate-
gories: 1) Selection bias 2) Study design 3) Confounders 4) Blinding 5)
Data collection methods 6) Withdrawals and dropouts. If a study re-
ceives at least four strong ratings and no weak ratings it is given a
strong global rating. If a study has less than four strong ratings and one
weak rating it is given a moderate global rating. Lastly, a study is given
a weak global rating if it has two or more weak ratings. The quality
assessment enabled us to flag any low-quality studies in order to reduce
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the risk of bias in our review (Background: Development and Use of
Study Quality Assessment Tools, 2020).

2.3. Coding of study characteristics

Key study characteristics were extracted for this review. Factors
were extracted that were believed to be important for review and
captured the relationship between usage and outcomes. These factors
consisted of an intervention/program design, study sample size, data
related to study quality (i.e., selection bias, confounders, data collection
methods), usage metrics (e.g. login frequency, login duration), and
their association with intervention outcomes. Additionally, studies
were coded using Michie et al. (2013) hierarchically clustered techni-
ques for reporting behavior change interventions to determine behavior
change techniques implemented.

2.4. Data synthesis

The review used descriptive data to summarize the various types of
intervention usage metrics for online-based weight-loss interventions
aimed to promote physical activity. All usage metrics were sorted by
frequency to identify usage metrics reported in the literature. We
identified whether certain usage metrics of online interventions were
significantly associated with changes in study outcomes for each study
and combined the observations into a matrix table. We sorted by fre-
quency to evaluate which usage metrics were reflective of changes in
the study outcomes.

3. Results

During the initial database search, 1302 relevant articles were
identified. Particularly, 1054 articles were excluded based on the title,
Following title elimination 248 articles were excluded because the in-
tervention was not delivered online (n = 46), articles did not evaluate
dose-response (n = 92), articles were not a physical activity interven-
tion (n = 18) articles were not a weight-loss intervention (n = 21), or
the article contained no longitudinal usage data (n = 40). Thirty full-
text articles were screened in full. Twenty-five articles were eliminated
because they did not analyze a dose-response relationship (n = 6), they
were not an online physical activity intervention for weight-loss
(n =15), they did not collect objective measures of usage data
throughout the intervention (n = 4). Five articles met our inclusion
criteria. Article selections are shown in Fig. 1.

3.1. Study characteristics

Scores for each quality assessment component (e.g. confounder,
withdrawals and dropouts, data collection, and/or the analysis cate-
gories) for the five studies are listed in Table 1. Two studies received a
“strong” global quality rating (Patrick et al., 2011; Funk et al., 2010);
the remaining three studies were considered “moderate” (Maher et al.,
2015; Hurling et al., 2006; Wilson et al., 2019).

Study characteristics are summarized in Table 2. The average in-
tervention duration was 10 *+ 6 months (range 2-30 months). Of the
five studies selected, four implemented an online-based intervention
platform (Patrick et al., 2011; Funk et al., 2010; Hurling et al., 2006;
Wilson et al., 2019), and one utilized mobile phones (Maher et al.,
2015). Four of the studies (Patrick et al., 2011; Funk et al., 2010;
Hurling et al., 2006; Wilson et al., 2019) were primarily self-guided and
involved no contact between participants and researchers (Patrick
et al., 2011; Funk et al., 2010; Hurling et al., 2006; Wilson et al., 2019).
However, one study involved inter-participant interactions via online
communications such as chat forums (Maher et al., 2015). One of the
online-based programs included a face-to-face component for half of the
intervention period where the researchers met with the participants and
delivered the intervention (Wilson et al., 2019).
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Fig. 1. PRISMA flow diagram (Liberati et al., 2009).

3.2. Metrics used to determine intervention usage

Our review identified nine usage metrics that were reported in the
selected studies. This included: total logins, login frequency, login
duration, total time, use of online tools, forum visits, percent of content
accessed, physical activity content exposure, and repeated content ex-
posure. Total logins, login frequency, and use of online tools were the
most popular metrics used to determine intervention usage. See Table 2
for a breakdown of metrics used in the selected studies.

Table 1
Global assessment of studies identified in systematics search.”

3.3. Dose-response relationship between usage and study outcome

All the studies included in this review found that a significant in-
crease in intervention usage was associated with improvements in study
outcomes (see Table 3). Study outcomes included participant retention
(Wilson et al., 2019), weight regain (Funk et al., 2010), satisfaction
with fitness (Hurling et al., 2006), improvements in MVPA (Maher
et al., 2015), reduction in weight, BMI, and waist circumference
(Patrick et al., 2011). Table 3 summarizes the relationship between
usage and study outcomes.

Author Selection bias Study design Confounders Blinding Data collection method Withdrawals Global rating
Funk et al., 2010 Strong Strong Strong Moderate Strong Moderate Strong
Hurling et al., 2006 Moderate Strong Moderate Moderate Strong Weak Moderate
Mabher et al., 2015 Strong Strong Weak Moderate Strong Strong Moderate
Patrick et al., 2011 Moderate Strong Strong Moderate Strong Strong Strong
Wilson et al., 2019 Strong Strong Weak Moderate Strong Moderate Moderate

2 Global assessment is based on quality assessment of relevant studies tool (Thomas et al., 2004).
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Table 2 (continued)

Behavior change techniques Usage metrics

Cluster label

Intervention behavior change curricula

Intervention duration, Sample size (N),

mode of delivery

Study\country

participant age

® Goal setting (outcome) [1.3]
® Goal setting (behavior) [1.3]

® Case manager calls with participants

® Review of behavior goals [1.5]

® Review of outcome goals [1.7]
® Social support (general) [3.1]
® Feedback on behavior [2.2]

Percent of content accessed: 4.28

of 8 sessions (SD 3.01)

® (8) Feedback and

® Tailored feedback on parenting ability to

125 families,
children's' ages: 11-16

N=

Duration: 16 weeks

2019

Wilson et al.,

® Self-monitoring of behavior [2.3]

monitoring
® (9) Goals and planning

® (15) Shaping knowledge

assist with adolescent weight loss
® Program matched to parents' cultural

Mode of delivery: in
person and online

United States

Login duration: 12.99 min (SD

11.63)

® Self-monitoring of outcome behavior

[2.4]
® Other(s) monitoring with awareness

views
® Calorie goals for adolescent

PA content exposure: 25.4%

[2.1 and 2.5]
® Goal setting (outcome) [1.3]

® Goal setting (behavior) [1.3]

® Behavioral assessment of adolescent

® Feedback of parenting success and areas

Repeat exposure: 7.5%

for improvement
® Weight-related behavior sessions

® Review of behavior goals [1.5]

® Review of outcome goals [1.7]

@ Instruction on how to perform a

behavior [4.1]

@ Behavior change content based on Michie et al. (2013) cluster analysis of behavioral change techniques.
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3.3.1. Total login

Two studies reported on the total number of unique logins
throughout the entire intervention (Funk et al., 2010; Maher et al.,
2015). Funk et al. (2010) reported logins in an average of 107 times
(range 52,143) on the website during the 30 months of the intervention.
Maher et al. (2015) reported that participants logged in a total of 18
times (SD 13.3; range 0,46) during the 50 days of the intervention. The
total number of logins was associated with less weight regain (Funk
et al.,, 2010) and positively associated with improvements in MVPA
(Mabher et al., 2015).

3.3.2. Login frequency

Two studies reported on the rate at which participants logged onto
the interventions (Patrick et al., 2011; Hurling et al., 2006). Hurling
et al. (2006) reported a login frequency of 1.4 times per week over the
10-week intervention and found that login frequency was positively
associated with self-reported fitness. Patrick et al. (2011) reported
participants logged in a mean 23.4 weeks (SD 16) of the 12-month in-
tervention and found it was negatively associated with a decrease in
BMI, weight, and waist circumference.

3.3.3. Login duration

Login duration was reported in one study. Wilson et al. (2019) re-
ported that the amount of time a participant stayed logged in to the
intervention during each viewing (12.99 min; SD 11.63) over the 16-
week intervention was significantly correlated with participant reten-
tion.

3.3.4. Total time on website

Only one study reported total intervention usage time. Funk et al.
(2010) reported that participants spent an average of 433 min on the
website (Range 236,792) during the 30 months of the intervention.
Their results showed that greater usage (total time) was associated with
less weight regain.

3.3.5. Use of online tools

Online tools were reported in two studies. Funk et al. (2010) re-
ported that participants logged their current weight 104 times (range
51,130) and logged their exercise 124 (range 32, 376) times during the
30 months of the intervention. Maher et al. (2015) reported that par-
ticipants sent 4.8 (SD 6.3; range 0,27) gifts to other participants and
made 2.7 (SD 3.4; range 0,13) discussion posts during the 50-day in-
tervention. We identified that the number of online tools accessed was
associated with less weight regain (Funk et al., 2010), and positively
associated with an increase in MVPA (Maher et al., 2015).

3.3.6. Forum visits

One study utilized forums for participants to interact. Funk et al.
(2010) found that participants read on average 54 (range 14,152)
forum messages and made one (range 0,4) forum post during the
30 months of the intervention. We identified that an increase in forum
visits was associated with less weight regains.

3.3.7. Percent of content accessed

One study reported on the percent of content accessed. Wilson et al.
(2019) found that on average 53.5% (SD 37.6%) of content was ac-
cessed over the 16-week intervention. The study reported that an in-
crease in the percent of content accessed was significantly associated
with program retention.

3.3.8. PA content exposure and repeat content exposure

The percent of content exposure is defined as the percentage of
overall intervention modules viewed by the participants at once.
Repeated content exposure is defined as the completion of a module
multiple times. Only one study reported percent of content exposure
and repeated content exposure. Wilson et al. (2019) found the average
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Table 3
Dose response relationship.”
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Study outcomes Strength of usage metric and outcome

Total logins Login Login Total time Use of online Forum Percent of content PA content Repeat
frequency duration tools visits accessed exposure exposure
Weight regain —(n=1) —(n=1) —-(@=1) —(n=1)
Self-reported fitness + m=1)
MVPA +@m=1) +@m=1)
BMI - (m=1)
Weight —(n=1)
Waist circumference -m=1)
Retention + (m=1) + =1 + m=1) + n=1)
2 The rating indicator (+ = positive, — = negative) followed by number of studies that reported usage metrics for the physical activity outcomes.

physical activity content exposure was 25.4% and repeat content ex-
posure was 37.5% over the 16-week intervention. Both variables were
found to be positively associated with increased participant retention.

4. Discussion
4.1. Summary of evidence

The purpose of this review was to examine the types of intervention
usage metrics reported in online physical activity interventions for
weight-loss and to describe the dose-response relationship between
usage and intervention outcomes. We found total logins, login fre-
quency, and use of online tools were reported most frequently. We
found that increased intervention usage was associated with an im-
provement in satisfaction with fitness (Hurling et al., 2006), MVPA
(Mabher et al., 2015), and retention (Wilson et al., 2019), and prevented
weight regain following an intervention (Patrick et al., 2011; Funk
et al., 2010). Our review identified that there is a limited number of
studies examining the dose-response relationship in online physical
activity interventions for weight-loss and highlighted the importance to
promote intervention engagement.

The results from this review suggest that there were several usage
metrics reported among online physical activity interventions for
weight-loss. The majority of studies in this review focused on usage
metrics on the time an individual spends interacting with an inter-
vention (e.g. login duration, and total time) rather than the quality of
the interaction. There is a possibility to overestimate the time an in-
dividual spends on a webpage. Participants may log into the interven-
tion and leave the computer or forget to logout between sessions. Thus,
this would lead to a misrepresentation of the total time the participant
actively engaged with the intervention (Donkin et al., 2013).Capturing
usage on the quality of the intervention interaction may help distin-
guish areas of the intervention that were most successful in achieving
the outcomes (Donkin et al., 2013). The usage metrics that may inform
the quality of the intervention interaction may include the percent of
intervention accessed and repeat exposure (e.g. total logins and login
frequency). It is important to note that total login and login frequency
are both markers measuring repeat intervention exposure, but they can
contain different information. Total login measures the sum of all logins
throughout an intervention and this usage metric is useful to evaluate
the overall repeated exposure of the intervention. Meanwhile, the login
frequency captures the rate of login within a specific timeframe. Login
frequency may be particularly useful when comparing repeated inter-
vention exposure between interventions. For example, two interven-
tions may vary in overall intervention length (10 weeks vs 12 weeks)
but login frequency expressed in weekly frequency for both interven-
tions may enable researchers to compare repeated exposure between
these interventions. Future online-based interventions reporting usage
metrics may consider using a combination of frequency and quality of
interaction metrics. Cluster analysis may also be a useful method to
identify participants' usage patterns as it combines multiple metrics

(Gough, 2001; Nolan et al., 2015).

Results from this systematic review suggest that there is a dose-re-
sponse relationship between the usage of online physical activity in-
terventions and improvements in weight, physical activity, and inter-
vention retention outcomes. Our findings were similar to previous
studies examining dose-response relationships for online-based inter-
ventions for e-therapies and depression (Donkin et al., 2011; Donkin
et al., 2013). Due to the limited number of studies, we were not able to
determine whether certain usage metrics were more appropriate at
evaluating dose-response relationships. However, a systematic review
of online-based cognitive behavior therapies reported that only certain
usage metrics (e.g. number of log-ins, and proportion of modules
completed) showed a dose-response relationship with intervention
outcomes (Donkin et al., 2011). Specifically, the number of logins was
associated with improvements in behavioral outcomes (e.g. smoking,
fruit and vegetable consumption, physical activity), meanwhile, the
proportion of modules completed was associated with improvements in
psychological outcomes (e.g. Anxiety, depression, body dissatisfaction).
These findings suggest that program engagement may be important for
physical and psychological interventions in different ways.

This review found that intervention usage patterns varied among
studies and thus an “optimal” intervention use may be dependent upon
the intervention or participant characteristics (Ritterband et al., 2009).
Patrick et al. (2011) reported that participants who completed 60% of
the weekly goal setting sessions were associated with a decrease in BMI,
weight, and waist circumference. Funk et al. (2010), however, reported
a much greater engagement rate was required to achieve a statistically
significant improvement in outcomes. They found that participants who
logged in and reported their weight over 26 out of 28 study months
(93%) of the intervention were associated with less weight regain (Funk
et al., 2010). These two studies have very different values of program
usage where a significant change in outcome achievement occurred.
Our current understanding of dose-response often comes from drug
trials where the dose is a “prescribed” measure, whereby participants
either receive the full treatment or none (Eysenbach, 2005). A decrease
in intervention engagement over time does not necessarily mean that
participants did not sustain behavior change. Participants may have
gained the necessary motivation and skills from the intervention before
completing the intervention. Thus, this may lead participants to spend
less time interacting with intervention content (Eysenbach, 2005;
Christensen and Mackinnon, 2006; Fleming et al., 2018). The findings
from this review suggest that dose-response may be better described as
a curvilinear relationship where a saturation point is reached before
completion of the entire intervention. Future studies are warranted.

This review also highlighted the need to design interactive and
engaging online-based interventions. The inclusion of gamification
features and incentives may help further boost intervention engage-
ments. Gamification involves adopting game-like mechanics within an
online-based health intervention. Previous studies have identified sev-
eral popular gamification elements, including point scoring, competi-
tion, challenges, and collection of items (Floryan et al., 2019). Recent
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studies have suggested that integrating game mechanics with the core
intervention content and making it fit with user requirements is critical
for adopting gamification to promote intervention engagement (Floryan
et al., 2019). There is emerging evidence to suggest that incentives (e.g.
loyalty rewards) can also be an effective strategy to engage users and
promote behavior change (Liu et al., 2014).

4.2. Limitations

Some limitations should be noted regarding the results of this re-
view. The small number of studies selected limited our ability to gen-
eralize these findings. There was a lack of consistency between studies
with regard to the methods used to evaluate intervention usage.
Furthermore, the studies selected for this review were heterogeneous in
intervention protocol, study duration, and outcome measures. Thus, a
meta-analysis was not feasible due to the heterogeneity.

5. Conclusion

The objective of this review was to examine the types of interven-
tion usage metrics reported in online physical activity interventions for
weight-loss and to describe the dose-response relationship between
usage and intervention outcomes. The usage metrics reported in online
physical activity interventions for weight-loss included login frequency,
login duration, and use of online tools. We found that increased inter-
vention usage appeared to be associated with an improvement in par-
ticipants' weight-loss, weight regain, physical activity behaviors, in-
tervention retention. However, these findings should be interpreted
with caution due to the limited number of studies. Future research
should examine innovative ways to maintain intervention usage
throughout the intervention.
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