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Abstract

Objective: To date the application of eHealth strategies among adults and adolescents undergoing metabolic and bariatric

surgery (MBS) has not been systematically reviewed. This study comprehensively examines eHealth intervention studies

among MBS patients within the RE-AIM framework to assess reach, effectiveness, adoption, implementation and mainte-

nance of these efforts.

Methods: A search was conducted using PubMed, EMBASE, CINAHL, PsycNET and SCOPUS of original research relating to

eHealth strategies for MBS patients published in peer-reviewed journals and revealed 38 published articles between 2011

and 2019.

Results: Studies varied widely in terms of design (qualitative to randomized controlled trials) and eHealth delivery method

(telemedicine to blog post content) with a balance of pre- or post-MBS use. No studies included adolescents and very few

reported (1) a conceptual framework to support study design/outcomes; and (2) race/ethnicity composition.

Conclusions: Although some studies report that eHealth strategies/interventions are effective in producing post-MBS weight

loss and other positive health outcomes, most are pilot studies or have study design limitations. There is an opportunity for

development of (1) tailored eHealth interventions to support pre- and post-MBS sustained behavior change and improved

outcomes; and (2) rigorous studies that employ robust conceptual frameworks so dissemination and implementation efforts

can be mapped to construct-driven outcomes.
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Introduction

A 130% increase in the prevalence of severe or

extreme obesity (body mass index (BMI) �40 or

�35 with �1 comorbidity) is estimated over the next

two decades.1,2 This is a sobering projection for

healthcare systems given the chronic health-related

consequences of obesity, including type 2 diabetes,

cardiovascular and liver disease, osteoarthritis and

some forms of cancer.2 Worldwide studies show that

not only is metabolic and bariatric surgery (MBS) the

most effective weight loss treatment, but for individ-

uals with a BMI of �35 it is the only treatment that is

able to provide long-term weight loss (�50% weight

loss maintained for a minimum of five years).2–4 MBS

not only improves weight loss outcomes, but also sub-

stantially improves type 2 diabetes; recent studies have

reported remission rates of 80% for type 2 diabetes in

patients 36 months post-MBS.2,4 As such, the UK

National Institute of Health and Care Excellence

Obesity Guidance and the International Diabetes

Federation promote MBS as an effective treatment

option for severe obesity.3,4

Despite MBS showing significant post-operative

weight loss trajectories for many patients, these find-

ings are not universal primarily due to lack of adher-

ence to post-operative lifestyle modifications. To

achieve maximum weight loss and prevent weight

regain, patients must increase physical activity,

decrease sedentary behaviors, and adhere to dietary

recommendations including vitamin/micronutrient

intake in particular.5 Unfortunately, these patients

often face numerous challenges (e.g. transportation,

socioeconomic, geographical, social support issues)

that prevent them from seeking further assistance or

support to improve and prolong weight loss out-

comes.5 Current studies document the promising

effects of use of mobile and online technologies

(eHealth), including wearable devices for improving

health outcomes among those with obesity and diabe-

tes (common precondition for MBS) by eliminating

geographic, time and transportation barriers.5 Post-

MBS weight loss maintenance interventions that are

accessible, cost-effective and scalable are not only

desirable, but have the potential for both deep and

wide impact on health outcomes. This review explored

the use of eHealth interventions among those adults

and adolescents who are considering (pre) or those

who have undergone (post) MBS. A broad definition

of eHealth was applied to include interventions using

the internet, social media (Facebook, Twitter,

Snapchat, Instagram) internet/WiFi-enabled wearable

devices, telemedicine, email, short messaging services

(SMS) and e-learning.

eHealth strategies applied to obesity prevention

and treatment

In the adult literature, current studies show that the
delivery of obesity prevention and treatment eHealth
strategies are both cost effective and scalable.6–8

Evidence-based eHealth dissemination strategies
include websites, emails, text messages, monitoring
devices, mobile applications, computer programs, pod-
casts and personal digital assistants. Many eHealth sys-

tems are used to set and track individual goals, to
monitor diet and physical activity and to create tailored
responses based on behavior change progress.
Specifically, in a meta-analyses of eHealth weight loss
or weight maintenance interventions Hutchesson et al.6

reported modest weight loss compared with no behav-
ior treatment (mean difference: –2.70 (–3.33, –2.08),
p< 0.001; nine studies pooled) or minimal treatment

(mean difference: –1.40 (–1.98, –0.82), p< 0.001;
16 studies pooled). eHealth interventions with features
including self-monitoring and personalized feedback or
technologies such as text messages and social media
were more effective than standard eHealth programs
(mean difference: 1.46 (0.80, 2.13), p< 0.001).
Reviews in young adults have not reported such
strong supportive findings. Willmott et al.9 found a

limited evidence base for eHealth weight management
interventions targeting young adults but this was large-
ly due to weak study designs.

A recent review and meta-analysis10 of the evidence

for BMI/BMI z-score improvements in eHealth ran-
domized controlled trials to prevent (n¼ 3 studies
included) or treat (n¼ 5 trials included) overweight/
obesity in children and adolescents ages 0–18 years
focused on parents/caregivers as agents of change.
Meta-analysis results showed no significant difference
in the effects of parent-focused eHealth obesity inter-
ventions on child BMI/BMI z-score compared with a

control (standardized mean difference –0.15, 95% con-
fidence interval –0.45 to 0.16, z¼ 0.94, p¼ 0.35). The
authors concluded that there is a need for more robust,
high-quality parent-focused eHealth studies that target
families with younger children.

eHealth strategies applied to diabetes management

Numerous studies have reported that eHealth interven-
tions are effective in diabetes self-management pro-
grams. In a systematic review conducted by
Greenwood et al.,11 the use of multiple modalities,
including text messages and email, improved HbA1c
levels among participants with type 2 diabetes.

Review studies incorporated a variety of features such
as communication, education, feedback and patient-
generated health data which showed significant

2 DIGITAL HEALTH



improvement in A1c levels when two-way communica-
tion between patient and health care provider was
utilized, as well as customized education support and
real-time feedback.

Joiner et al.12 reported the use of eHealth lifestyle
programs based on the Diabetes Prevention Program
that resulted in a mean –3.98% weight loss from base-
line to 15 month follow-up across all interventions. The
subtotal estimate across the stand-alone eHealth inter-
ventions (–3.34%) was less than the estimate across
interventions with behavioral support given by a coun-
selor remotely (–4.31%) and the estimate across inter-
ventions with behavioral support given by a counselor
in-person (–4.65%). The majority of the interventions
in this study included web-based applications such as
video conferencing, SMS and mobile applications, in
addition to behavioral support from a counselor via
face-to-face communication, online messages, email
and telephone.

eHealth strategies in pre–post MBS care
management

As shown above, there is increasing evidence to support
the use of eHealth strategies in adults with obesity and
type 2 diabetes. Given that type 2 diabetes is one of the
most prevalent co-morbidities associated with severe
obesity, it is logical to think that these same eHealth
strategies may be effective in pre- and post-MBS educa-
tion, knowledge, behavior change and social support
delivery. However, it is also important to measure the
acceptability of such strategies, and whether they
improve MBS outcomes. Indeed, Das et al.13 reported
that an eHealth portal tailored to provide post-
operative MBS support decreased attrition rates in clin-
ical follow-ups and improved adult patients’ health.
Additionally, the eHealth portal became a safe outlet
where patients could express their concerns and seek
assistance in real-time. It also allowed providers to
better tailor their care to meet the patients’ needs.

To date, no systematic reviews are available that focus
on the application of eHealth strategies and/or interven-
tions in adults or adolescents who are either making the
decision to have MBS or who have already completed
the procedure. Moreover, the studies that do exist in the
literature do not employ conceptual frameworks to guide
dissemination and implementation efforts that can be
mapped to construct-driven outcomes.

Conceptual frameworks to support the
dissemination and implementation of eHealth
strategies in MBS patients

RE-AIM. The dissemination and implementation of
eHealth strategies has not been consistently guided by

conceptual frameworks in clinical settings regardless of
the patient population. The RE-AIM (Reach,
Effectiveness/Efficacy, Adoption, Implementation,
and Maintenance) framework has been highly compat-
ible with community-based public health
intervention dissemination and implementation in var-
ious fields.14–18 RE-AIM was initially designed to help
evaluate interventions and public health programs, to
produce a more balanced approach to internal and
external validity and to address key issues important
for dissemination and generalization.14 RE-AIM has
been applied to policies15,16 and community-based mul-
tilevel interventions,17 and to studies focused on reduc-
ing health disparities.18 The dimensions of the
framework are as follows: (1) Reach (the absolute
number, proportion and representativeness of individ-
uals who are willing to participate); (2) Effectiveness
(impact of an intervention on outcomes, including
potential negative effects, quality of life, and economic
outcomes); (3) Adoption (absolute number, proportion,
representativeness of settings and intervention agents
willing to initiate a program); (4) Implementation (inter-
vention agents’ fidelity to various elements of an inter-
vention’s protocol including consistency of delivery as
intended, intervention time and cost); and (5)
Maintenance (extent to which a program/policy
becomes institutionalized or part of the routine organi-
zational practices and policies, but also has individual-
level outcomes). While generally the dimensions of
‘Reach’ and ‘Effectiveness’ apply to individuals, and
‘Adoption’, ‘Implementation’ and ‘Maintenance’ to a
setting/system, all five of the dimensions have applica-
bility to the dissemination and implementation of
eHealth interventions among individuals who are con-
sidering MBS or who have already completed the pro-
cedure (Figure 1). Within this framework, it has been
recommended that obesity interventions use multiple
disciplines and perspectives in creating and implement-
ing programs, integrate research and practice partner-
ships and assess the potential of intervention strategies
to reduce health disparities.17,18 This is true particularly
in low resource settings and for populations tradition-
ally underrepresented in obesity research, for which dis-
semination and implementation may not be a simple
process, particularly when multiple entities are involved
(surgeons, dietitians, primary care physicians, other
sub-specialists, family members, other social support
members).14 Given that MBS is an elective surgery
and patients will most likely return to their
pre-operative environments (work, school, family,
household, neighborhood, community, rural or urban
geographic area), applying eHealth strategies can
address barriers to follow-up care experienced by
many patients, including geographic distance, transpor-
tation and economic limitations. However, further
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study to determine the breadth of patients who would

use it and the support needed from healthcare settings is

essential to understand the infrastructure needed for

widespread use.
To address the abovementioned gaps in the litera-

ture, this review summarizes the current state of

eHealth strategies as applied to those who are either

considering (pre) or have completed (post) MBS. The

review was particularly focused on capturing any pre-

vious application and integration of a conceptual

framework to support the study hypotheses and to

map to primary or other outcomes.

Methods

A literature search was conducted in February 2019

using the following electronic databases: Medline,

Psych INFO, Social Sciences Citation Index, and

Web of Science. Keyword searches were conducted

using Boolean operators “AND” and “OR” to specify

or broaden the search. The wildcard character “*” was

used to truncate words to include all forms of the root

word. “bariatric surgery”, “weight loss surgery”, gas-

tric bypass surgery”, “adjustable gastric band”, “sleeve

gastrectomy”, “gastroplasty,” “jejunoileal bypass”,

“duodenal switch”, “roux en y”, “gastric balloon”,

“metabolic surgery”, “metabolic and bariatric

surgery”, “obesity”, “surgery”, “morbid”,

“telecommunications”, “electronic mail”,

“telemedicine”, “remote consultation”, “cell phone”,

“videoconferencing”, “smartphone”, “social media”,

“internet”, “eHealth” and “mHealth” were included

with all keywords. Key words were searched through-

out the entire text of identified manuscripts and includ-

ed all relevant terms to capture the use of eHealth

strategies among patients either considering or who

had completed MBS.
In summary, the specific inclusion criteria for

articles included in this review were (1) published in a

peer-reviewed journal (online and/or print format); (2)

mentioned or addressed eHealth or mHealth delivery

and/or intervention strategies in the MBS patient pop-

ulation; (3) included both adults (�18 years old) or

adolescents (<18 years old) who were either consider-

ing or who had completed MBS (see PRISMA flow

diagram and checklist in the Supplementary Material

online for details). There was no restriction on publi-

cation date or language, as the goal of this review was

to be as comprehensive as possible. Case studies were

not included in this review as none were captured in the

overall search. Data were abstracted independently by

two of the authors to ensure reliability. Articles were

identified by first examining titles and abstracts fol-

lowed by the full text of relevant articles.

Exclusion criteria - % excluded, patient characteristics (e.g. sex,
race/ethnicity, insurance status, patient preferences, etc)

ARE INTERVENTION EFFECTS SUSTAINABLE?
Individual Level

Participants - % of bariatric surgery patients who engage in various forms of
eHealth versus all bariatric surgery patients
Characteristics - % of bariatric surgery patients who have access to
internet/wifi, smartphone, etc

Primary outcome(s) - ≥6 months after final
eHealth intervention contact
Broader outcomes - e.g. quality of life, confidence.
self-esteem, maintained long-term
Robustness - long-term subgroup effects sustained
Long-term attrition (%) -  sustained eHealth
engagement analysis (main study group, subgroups)

Setting Level
eHealth program/strategies - ongoing/available
≥6 months post study findings
Long-term adaption - were certain eHealth
strategies more retained, utilized than others?
Surgery Practice Alignment - eHealth strategies are
organizational mission

IS THE INTERVENTION IMPLEMENTED CORRECTLY?
Adherence, consistency - of eHealth delivery for
all bariatric surgery patients
Adaptions - to eHealth strategies, delivery mode
based on BSP needs

IS THE TARGETED POPULATION REACHED?

IS THE INTERVENTION EFFECTIVE FOR
PARTICIPANTS?

IS THERE INSTITUTIONAL SUPPORT FOR THE
INTERVENTION?

eHealth pre-surgery primary outcomes - progress
to surgery, acceleration of physical activity, new
dietary habits
eHealth post-surgery primary outcomes - weight
loss, comorbidity resolution, physical and mental
health improvement(s)
eHealth broader outcomes - quality of life,
confidence, self-esteem, relationships
Subgroup robustness - ethnic groups, adolescents,
men
Short-term attrition (%) - by various patient
characteristics, comorbidities, surgery type,
experiences with surgeon/clinic team, level of
social support

Setting - eHealth delivery mode (clinic-based,
private or academic, live streamed, pre-recorded,
videoconference or telehealth session, chat
room, Facebook group, smartphone app)
Staff - surgeons, nurses, dieticians, exercise
physiologists, social workers, support staff

R
E

A
C

H

RE-AIM
MAINTENANCE EFFECTIVENESS

IM
PL

EM
EN

TA
TI

O
N

ADO
PTIO

N

Cost - of eHealth
Consistency - of implementation across
time/setting/staff/bariatric surgery patient
subgroups to measure process

Figure 1. RE-AIM (Reach, Effectiveness, Adoption, Implementation, Maintenance) dimensions as applied to the use of eHealth strategies
among individuals considering bariatric surgery or who have completed the procedure.
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Reference lists of selected articles also were examined
to further detect other published research.

Search criteria key reported outcomes

This review was specifically focused on each included
article’s reported outcomes within the RE-AIM frame-
work using a checklist created by the Implementation
Science Team at the National Cancer Institute as a
guide to score National Institutes of Health grant pro-
posals but easily adapted for policy/program analysis
and journal articles.19 Specifically, the checklist
includes the following: (1) Reach – sample character-
istics including the number of study participants and
demographic characteristics if available; (2) Efficacy/
Effectiveness – primary and/or secondary or broader
outcomes (cardiometabolic or other physical health
outcomes, mental health or psychosocial consequences
such as improvement in anxiety, depression, disordered
eating, quality of life) and use of qualitative methods/
data to interpret outcomes; (3) Adoption (setting and
staff, not individual level) – characteristics of settings/
staff participating, exclusions, percent of settings/staff
approached that participated (e.g. valid denominator)
and use of qualitative methods to understand adoption
at setting/staff level; (4) Implementation – attention to
adherence, fidelity, consistency of delivery, adapta-
tions, cost and use of qualitative methods to under-
stand implementation; and (5) Maintenance – measure
of primary outcome at both the individual and setting
levels at �6 months’ follow-up after final intervention
contact, measure of broader outcomes or use of multi-
ple criteria at follow-up, robustness of data, long-term
attrition (%) and differential rates by patient character-
istics or treatment condition.

Results

Tables 1 and 2 summarize the current state of the lit-
erature in terms of published eHealth strategies, pro-
grams and interventions specifically targeting
individuals who are either undergoing or who have
completed MBS by study design (review articles to ran-
domized controlled trials) and several other key
characteristics.14–61 Specifically, Tables 1 and 2 are
organized by the RE-AIM constructs as follows: (1)
the Reach column reports sample characteristics (e.g.
unit of analysis, mean age, sex); (2) the Efficacy/
Effectiveness column reports the primary focus or
premise of the study; (3) the Adoption column summa-
rizes the key reported primary and secondary (where
applicable) outcomes; (4) the Implementation column
reports the eHealth mechanism (e.g. smartphone app,
Facebook content, etc.); and (5) the Maintenance
column reports primary outcomes at >6 months’

follow up, if applicable. Studies are organized by

design (review, qualitative and mixed methods in

Table 1 and observational/cross-sectional, retrospec-

tive/prospective cohort, quasi-experimental/case con-

trol, and randomized controlled trials in Table 2) and

summarized in the following Results section. Overall

findings are then synthesized by RE-AIM constructs

in the Discussion section.
A total of 38 studies were found that met the search

criteria, from years 2011 to 2019. There were a total of

16 descriptive/partial analytical studies20–35 that includ-

ed six reviews, nine qualitative and one mixed methods

study (Table 1). There were a total of 22 analytical stud-

ies of which six were observational/cross-sectional, nine

were prospective cohort designs, four were quasi-

experimental and three were randomized controlled

trials (Table 2). Overall, if reported (many studies did

not report race/ethnic distribution of sample), study

patient samples were composed of mainly adult non-

Hispanic White females. No studies were found that

either included or focused solely on adolescents (<18

years old). Two studies included the ethnic group dis-

tribution of the study sample. The majority of the qual-

itative studies included content or themes as the unit of

analysis from sources such as internet blogs and

Facebook posts. Only two studies included a theoreti-

cal/conceptual framework, Discursive Psychology34

and the Social Support Behavioral Code Model.35

Reviews

A total of six reviews were found in the literature

search that discussed various eHealth strategies target-

ing MBS patients including telemedicine, web-based

media, smartphone apps and wearables to track activ-

ity levels. In general, most reviews concluded that

eHealth strategies can assist patients undergoing MBS

in both pre- and post-operative acquisition of health

information and knowledge as well as personal feed-

back to assist them with weight loss and improved life-

style habits. One review24 of smartphone apps noted

that less than half included allied health professional

involvement in development, thus had the potential to

include and capture inaccurate information. Thomas

et al.,25 who assessed the accuracy of reporting via eco-

logical momentary assessment (palmtop computer and

accelerometer) concluded that eHealth strategies can

potentially have an important role in the delivery of

behavioral interventions and suggested that future

studies should target MBS patients.

Qualitative studies

The majority of qualitative studies (including one

mixed methods analysis) included online content, for

Messiah et al. 5



Ta
bl
e
1.

S
u
m
m
a
ry

o
f
cu
rr
en
t
li
te
ra
tu
re

re
vi
ew

s,
q
u
a
li
ta
ti
ve

a
n
d
m
ix
ed

m
et
h
o
d
s
st
u
d
ie
s
th
a
t
in
cl
u
d
e
eH

ea
lt
h
st
ra
te
g
ie
s
a
m
o
n
g
p
a
ti
en
ts
a
u
n
d
er
g
o
in
g
m
et
a
b
o
li
c
a
n
d
b
a
ri
a
tr
ic
su
rg
er
y
b
y
ke
y

o
u
tc
o
m
e
a
n
d
o
th
er

ch
a
ra
ct
er
is
ti
cs

w
it
h
in

th
e
R
E
-A
IM

co
n
ce
p
tu
a
l
fr
a
m
ew

o
rk

b
.

R
ea
ch

E
ff
ic
a
cy
/E
ff
ec
ti
ve
n
es
s

A
d
o
p
ti
o
n

Im
p
le
m
en
ta
ti
o
n

M
a
in
te
n
a
n
ce

Co
n
ce
p
tu
a
l/

th
eo
re
ti
ca
l

fr
a
m
ew

o
rk

c
A
u
th
o
rs

(y
ea
r)

S
a
m
p
le

ch
a
ra
ct
er
is
ti
cs

P
ri
m
a
ry

fo
cu
s

K
ey

re
p
o
rt
ed

o
u
tc
o
m
es

eH
ea
lt
h
m
ec
h
a
n
is
m

P
ri
m
a
ry

o
u
t-

co
m
e
a
t
�6

m
o
n
th

fo
ll
o
w
-u
p

R
ev
ie
w
s
(n
¼
6)

Co
ld
eb
el
la

et
a
l.

(2
01
8)

2
0

10
st
u
d
ie
s
(8
18

p
a
r-

ti
ci
p
a
n
ts
)
a
g
es

33
–
54
,
m
o
st
ly

fe
m
a
le

Te
le
m
ed
ic
in
e
a
s
a

p
o
te
n
ti
a
l
m
et
h
o
d
fo
r

p
ro
vi
d
in
g
h
ea
lt
h
ca
re

se
rv
ic
es

to
M
B
S

p
a
ti
en
ts

9/
10

st
u
d
ie
s
sh
o
w
ed

p
o
si
ti
ve

se
rv
ic
e
d
el
iv
er
y
o
u
tc
o
m
es

(f
ea
si
b
il
it
y,
a
cc
ep
ta
b
il
it
y,

q
u
a
li
ty

o
f
li
fe
,
ea
ti
n
g
p
sy
-

ch
o
p
a
th
o
lo
g
y)

re
la
te
d
to

te
le
m
ed
ic
in
e
u
se

Te
le
m
ed
ic
in
e
(1
0

st
u
d
ie
s
in
cl
u
d
ed
)

N
/A

N
o

G
ro
ll
er

(2
01
7)

2
1

24
st
u
d
ie
s
(2
54
6

su
b
je
ct
s)

M
B
S
ce
n
te
r
w
ri
tt
en

a
n
d

o
n
li
n
e
p
re
/p
o
st
ed
u
-

ca
ti
o
n
p
ra
ct
ic
es

(c
u
rr
ic
u
lu
m
,

d
el
iv
er
y)

P
ra
ct
ic
es

va
ri
ed

b
y
cu
rr
ic
u
lu
m

a
n
d
d
o
se
;
w
ri
tt
en

o
r
w
eb
-

b
a
se
d
a
id
es

su
p
p
o
rt
ed

p
re
–

p
o
st
M
B
S
le
a
rn
in
g
n
ee
d
s

W
eb
-b
a
se
d

m
ed
iu
m
s

N
/A

N
o

Z
h
a
n
g
et

a
l.

(2
01
6)

2
2

N
/A
;
a
p
p
is
u
n
it
o
f

a
n
a
ly
si
s

A
ss
es
se
d
q
u
a
li
ty

o
f

in
fo
rm

a
ti
o
n
sh
a
re
d

o
n
sm

a
rt
p
h
o
n
e
a
p
p
s

re
la
te
d
to

M
B
S

p
a
ti
en
t
ca
re

A
ve
ra
g
e
sc
o
re

o
f
4
(S
D
:
1.
76
)

o
n
S
il
b
er
g
2
sc
a
le

(i
n
fo
rm

a
-

ti
o
n
q
u
a
li
ty
a
ss
es
sm

en
t)
,
o
n

a
sc
a
le

o
f
0–
9

S
m
a
rt
p
h
o
n
e
a
p
p
s

N
/A

N
o

B
o
n
d
a
n
d
Th
o
m
a
s

(2
01
5)

2
3

24
p
a
ti
en
ts
in

p
il
o
t

st
u
d
y;
n
o
d
em

o
-

g
ra
p
h
ic
s
p
ro
vi
d
ed

P
h
ys
ic
a
l
a
ct
iv
it
y
a
n
d

se
d
en
ta
ry

b
eh
a
vi
o
rs

in
re
la
ti
o
n
to

M
B
S

o
u
tc
o
m
es

(m
H
ea
lt
h

vs
.
se
lf
-r
ep
o
rt
ed

o
u
tc
o
m
es
)

m
H
ea
lt
h
te
ch
n
o
lo
g
y
ca
n
b
e

u
se
d
to

m
o
d
if
y
P
h
ys
ic
a
l

a
ct
iv
it
y
a
n
d
se
d
en
ta
ry

b
eh
a
vi
o
rs
a
n
d
p
ro
vi
d
e
m
o
re

a
cc
u
ra
te

m
ea
su
re
m
en
ts

ve
rs
u
s
se
lf
-r
ep
o
rt

m
H
ea
lt
h
te
ch
n
o
lo
-

g
y;
w
ea
ra
b
le
s
to

tr
a
ck

p
o
st
-o
p
er
a
-

ti
ve

p
h
ys
ic
a
l
a
n
d

se
d
en
ta
ry

b
eh
a
vi
o
r

N
/A

N
o

S
te
ve
n
s
et

a
l.

(2
01
4)

2
4

N
/A
;
a
p
p
is
u
n
it
o
f

a
n
a
ly
si
s

28
sm

a
rt
p
h
o
n
e
a
p
p
s

re
la
te
d
to

M
B
S
w
er
e

re
vi
ew

ed

S
m
a
rt
p
h
o
n
e
a
p
p
s
h
a
ve

p
o
te
n
ti
a
l
to

p
ro
vi
d
e
a
cc
u
-

ra
te
,
re
li
a
b
le

in
fo
rm

a
ti
o
n
;

h
ea
lt
h
p
ro
fe
ss
io
n
a
l
in
vo
lv
e-

m
en
t
in

o
n
ly
12
/2
8
a
p
p
s

S
m
a
rt
p
h
o
n
e
a
p
p
s

N
/A

N
o

(c
o
n
ti
n
u
ed

)

6 DIGITAL HEALTH



Ta
bl
e
1.

Co
n
ti
n
u
ed
.

R
ea
ch

E
ff
ic
a
cy
/E
ff
ec
ti
ve
n
es
s

A
d
o
p
ti
o
n

Im
p
le
m
en
ta
ti
o
n

M
a
in
te
n
a
n
ce

Co
n
ce
p
tu
a
l/

th
eo
re
ti
ca
l

fr
a
m
ew

o
rk

c
A
u
th
o
rs

(y
ea
r)

S
a
m
p
le

ch
a
ra
ct
er
is
ti
cs

P
ri
m
a
ry

fo
cu
s

K
ey

re
p
o
rt
ed

o
u
tc
o
m
es

eH
ea
lt
h
m
ec
h
a
n
is
m

P
ri
m
a
ry

o
u
t-

co
m
e
a
t
�6

m
o
n
th

fo
ll
o
w
-u
p

Th
o
m
a
s
et

a
l.

(2
01
1)

2
5

N
o
t
sp
ec
if
ie
d

A
cc
u
ra
cy

o
f
re
p
o
rt
in
g

a
n
d
a
d
el
iv
er
y

m
ec
h
a
n
is
m

fo
r

in
n
o
va
ti
ve

in
te
rv
en
ti
o
n
s

M
ix
ed

re
su
lt
s
in

th
e
li
te
ra
tu
re

a
re

d
u
e
to

th
e
in
a
cc
u
ra
cy

o
f

se
lf
-r
ep
o
rt
in
g

E
co
lo
g
ic
a
l
m
o
m
en
-

ta
ry

a
ss
es
sm

en
t

vi
a
p
a
lm

to
p

co
m
p
u
te
r;

a
cc
el
er
o
m
et
er
s

N
/A

N
o

Q
u
a
li
ta
ti
ve

st
u
d
ie
s
(n
¼
9)

K
o
b
a
ll
et

a
l.

(2
01
8)

2
6

N
/A
;
q
u
a
li
ta
ti
ve

co
n
te
n
t
a
n
a
ly
si
s

D
es
cr
ib
e
co
n
te
n
t
o
f

n
u
tr
it
io
n
-r
el
a
te
d

in
fo
rm

a
ti
o
n
so
u
g
h
t

o
n
M
B
S
Fa
ce
b
o
o
k

su
p
p
o
rt
g
ro
u
p
s/

p
a
g
es
.
S
ec
o
n
d
a
ry

a
im

w
a
s
to

ev
a
lu
a
te

th
e
a
cc
u
ra
cy

o
f
th
is

co
n
te
n
t

O
ve
r
50
%

o
f
p
o
st
s
co
n
ta
in
ed

in
a
cc
u
ra
te

co
n
te
n
t;
7%

o
f

p
o
st
s
w
er
e
in
co
n
si
st
en
t

w
it
h
A
m
er
ic
a
n
S
o
ci
et
y
fo
r

M
et
a
b
o
li
c
a
n
d
B
a
ri
a
tr
ic

S
u
rg
er
y
n
u
tr
it
io
n
g
u
id
el
in
es

a
n
d
ex
p
er
t
o
p
in
io
n
s

Fa
ce
b
o
o
k
M
B
S
su
p
-

p
o
rt
g
ro
u
p
s

N
/A

N
o

G
ro
ll
er

(2
01
8)

2
7

N
/A
;
co
m
m
en
ts
o
n

p
re
vi
o
u
s
p
u
b
li
ca
-

ti
o
n
o
n
ly

Le
tt
er

to
th
e
E
d
it
o
r;

co
m
m
en
te
d
o
n

K
o
b
a
ll
et

a
l.
(2
01
8)
,

w
h
o
re
p
o
rt
ed

>
50
%

o
f
Fa
ce
b
o
o
k
p
o
st
s

w
er
e
in
a
cc
u
ra
te

H
ea
lt
h
ca
re

p
ro
fe
ss
io
n
a
ls
n
ee
d

to
w
a
rn

p
a
ti
en
ts
a
n
d
te
a
ch

h
o
w

to
d
ec
ip
h
er

th
e
cr
ed
i-

b
il
it
y
o
f
o
n
li
n
e
m
es
sa
g
es

Fa
ce
b
o
o
k
su
p
p
o
rt

g
ro
u
p
s

N
/A

N
o

M
el
eo
-E
rw

in

(2
01
9)

2
8

N
/A
;
q
u
a
li
ta
ti
ve

th
em

a
ti
c
a
n
a
ly
si
s

Th
em

a
ti
c
a
n
a
ly
si
s
o
f

21
7
b
lo
g
p
o
st
s
o
n

p
a
ti
en
t
p
o
st
-o
p
er
a
-

ti
ve

fo
ll
o
w
-u
p
ca
re

ex
p
er
ie
n
ce
s

Pa
ti
en
ts
te
ll
co
m
p
le
x
st
o
ri
es

a
b
o
u
t
th
ei
r
p
o
st
o
p
er
a
ti
ve

ex
p
er
ie
n
ce
s
w
it
h
th
ei
r
M
B
S

h
o
m
e
cl
in
ic

B
lo
g
p
o
st
s
a
n
d

o
n
li
n
e
fo
ru
m

co
m
m
en
ts

N
/A

N
o

W
il
lm

er
a
n
d

S
a
lz
m
a
n
n
-

E
ri
ks
o
n

(2
01
8)

2
9

N
/A
;
q
u
a
li
ta
ti
ve

a
n
a
ly
si
s

P
u
rp
o
se
fu
l
q
u
a
li
ta
ti
ve

co
n
te
n
t
a
p
p
ro
a
ch

o
f

sh
a
re
d
va
lu
es
,

Fo
u
r
th
em

es
w
er
e
co
n
st
ru
ct
ed

d
u
ri
n
g
d
a
ta

a
n
a
ly
si
s:
(1
)
a

n
ew

li
fe
;
(2
)
n
eg
o
ti
a
ti
n
g
th
e

sy
st
em

a
n
d
p
la
yi
n
g
th
e

O
n
li
n
e
M
B
S
b
lo
g

N
/A

E
p
is
te
m
o
lo
g
y

o
f
n
a
tu
ra
l-

is
ti
c

in
q
u
ir
y

(c
o
n
ti
n
u
ed

)

Messiah et al. 7



Ta
bl
e
1.

Co
n
ti
n
u
ed
.

R
ea
ch

E
ff
ic
a
cy
/E
ff
ec
ti
ve
n
es
s

A
d
o
p
ti
o
n

Im
p
le
m
en
ta
ti
o
n

M
a
in
te
n
a
n
ce

Co
n
ce
p
tu
a
l/

th
eo
re
ti
ca
l

fr
a
m
ew

o
rk

c
A
u
th
o
rs

(y
ea
r)

S
a
m
p
le

ch
a
ra
ct
er
is
ti
cs

P
ri
m
a
ry

fo
cu
s

K
ey

re
p
o
rt
ed

o
u
tc
o
m
es

eH
ea
lt
h
m
ec
h
a
n
is
m

P
ri
m
a
ry

o
u
t-

co
m
e
a
t
�6

m
o
n
th

fo
ll
o
w
-u
p

fe
el
in
g
s
a
n
d

th
o
u
g
h
ts
a
m
o
n
g

M
B
S
p
a
ti
en
ts

w
a
it
in
g
g
a
m
e;

(3
)
m
a
n
a
g
-

in
g
th
e
p
re
-o
p
er
a
ti
ve

d
ie
t;

a
n
d
(4
)
m
a
n
a
g
in
g
o
th
er
s’

a
tt
it
u
d
es

K
o
b
a
ll
et

a
l.

(2
01
7)

3
0

N
/A
;
Fa
ce
b
o
o
k
su
p
-

p
o
rt
g
ro
u
p
co
n
-

te
n
t
w
a
s
u
n
it
o
f

a
n
a
ly
si
s

E
xt
ra
ct
io
n
o
f
d
a
ta

fr
o
m

M
B
S
su
p
p
o
rt
g
ro
u
p
s/

p
a
g
es

o
n
Fa
ce
b
o
o
k

o
ve
r
o
n
e
m
o
n
th

vi
a

co
n
te
n
t
a
n
a
ly
si
s

S
ee
ki
n
g
re
co
m
m
en
d
a
ti
o
n
s

(1
1%

),
in
fo
rm

a
ti
o
n
/r
ec
o
m
-

m
en
d
a
ti
o
n
s
(5
3%

),
ch
a
n
g
e

si
n
ce

M
B
S
(1
9%

),
a
n
d

le
n
d
in
g
su
p
p
o
rt
(3
2%

)
m
o
st

co
m
m
o
n
p
o
st
co
n
te
n
t

M
B
S
su
p
p
o
rt
g
ro
u
p
s

a
n
d
p
a
g
es

o
n

Fa
ce
b
o
o
k

N
/A

N
o

Z
h
a
n
g
et

a
l.

(2
01
6)

3
1

N
/A

Il
lu
st
ra
te

d
ev
el
o
p
m
en
t

o
f
a
n
M
B
S
a
ft
er
-c
a
re

sm
a
rt
p
h
o
n
e
a
p
p
;

h
ig
h
li
g
h
t
u
se
r
fe
a
-

tu
re

p
re
fe
re
n
ce
s

U
se
rs

g
en
er
a
ll
y
re
ce
p
ti
ve

to
w
a
rd

u
se
;
va
lu
ed

in
fo
r-

m
a
ti
o
n
o
n
m
u
lt
id
is
ci
p
li
n
a
ry

te
a
m

co
n
su
lt
m
ee
ti
n
g
co
n
-

te
n
t
a
n
d
a
b
il
it
y
to

re
sc
h
ed
-

u
le

a
p
p
o
in
tm

en
ts

M
B
S
a
ft
er
-c
a
re

sm
a
rt
p
h
o
n
e

a
p
p
li
ca
ti
o
n

N
/A

N
o

D
a
s
a
n
d
Fa
xv
a
a
g

(2
01
4)

3
2

60
p
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p
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example, Facebook MBS support groups, blog post

comments, support groups and discussions, as well as

MBS aftercare smartphone app acceptance. Most stud-

ies reported a general acceptance of eHealth mecha-

nisms for information delivery and sharing. However,

Koball et al. (2018)30 noted that over half of posts in a

Facebook MBS support group contained inaccurate

content, particularly in context to the American
Society for Metabolic and Bariatric Surgery nutrition

guidelines and expert registered dietitian nutritionist

opinions. This prompted a letter to the editor27 that

stated that healthcare professionals need to warn

patients and teach them how to decipher credible

versus false post-operative nutrition information avail-

able online. Several studies found that patients were

open and forthcoming in sharing their personal expe-

riences and feelings about MBS and post-operative

challenges, and often offered peer-support.29,30,32,34,35

All studies were completed with adult samples, none

reported ethnic group distribution and none used a

conceptual framework to support the study design or
outcomes.

Observational studies

Six reports of observational studies were included in the

review, with a total sample size greater than 2700

patients or allied health professionals (dietitians, psy-

chologists). eHealth implementation mechanisms

included various web-based post-operative support

groups, smartphone apps to decrease loss to follow-

up, and social media. The majority of the studies pri-

marily examined the use of eHealth tools after MBS to
assist with physical and mental health well-being, and

the utility of such tools in connecting allied health staff

with patients in need of support. In general, studies

reported that patients are amenable to eHealth strate-

gies such as email and SMS,38 and many use the inter-

net, and Facebook in particular, to seek out

information about MBS. Interestingly, one study39

reported that eHealth strategies such as telehealth and

teleconferencing are not widely utilized (adopted) in the

UK with this patient population. No studies reported

long-term (�6 months post-study/intervention) follow-

up on eHealth usage and outcomes. All studies were in
adults, none reported the ethnic group distribution and

none used a conceptual framework.

Retrospective/prospective cohort studies

The search revealed nine longitudinal cohort design

studies with a total sample size greater than 8000

patients (ranging from seven to 3484 patients) and

using a variety of eHealth mechanisms including

online/teleconference delivery of pre-operative

educational seminars43,44 and post-operative behavior-

al interventions,45 internet-connected weighing scales,46

smartphone-based education modules,48 web-based

weight loss trajectory tools49 and tracking apps.47

Primary outcomes included pre-operative surgical attri-

tion rates in online versus in-person educational semi-

nar delivery,42,43 feasibility and acceptability of online

delivery of behavioral/lifestyle interventions,44 educa-
tion modules,47–49 physical activity tracking46 and

weekly usage of an online-connected scale.46 In the

two studies that explored patient self-selection of

in-person versus online delivery of the mandatory

pre-operative educational seminar, one study found

no difference in progress to MBS by delivery type43

and the second found that in-person delivery patients

were more likely to progress to MBS.44 All other

studies reported general acceptance, feasibility and

adoption of eHealth tools for MBS patients including

rural Veterans50 and those living in remote or rural

areas.51 No studies reported (1) maintenance or

�6 months’ post-delivery outcomes. No studies
reported the ethnic group distribution of their samples

or applied a conceptual framework to the study design

and outcomes.

Quasi-experimental design/case–control studies

A total of five quasi-experimental studies were found in

the search. One compared rural versus urban telehealth

use rates,52 while others compared eHealth versus stan-

dard of care/in-person delivery of nutrition education,

weight loss expectations and anxiety management,53

exercise training,54 WiFi scale use55 and educational
information.56 Four studies reported positive outcomes

for eHealth delivery including improved basic knowl-

edge of MBS55 and nutrition/dietary intake53 and fit-

ness.54 One study reported higher use among rural

versus urban MBS patients.52 Excess weight loss was

similar in both the group using a WiFi weight scale and

the standard outpatient clinic group. The treatment

group commented on the benefit of saved (travel)

time, but overall, patients preferred the outpatient set-

ting.55 No studies reported long-term outcomes, includ-

ed adolescent patients, ethnic group distribution or a

conceptual framework.

Randomized controlled trials

A total of five randomized-controlled trials were cap-

tured in the review. Two are currently reported as in

progress;58,59 the first is recruiting a total of 180

patients to receive either an internet/web-based post-

MBS program including scheduled online interactive

chat sessions with a psychologist, and weekly feedback

and monitoring or standard of care.59 The second trial
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in progress is randomizing 200 MBS patients to one of
three arms: an eHealth intervention, an eHealth inter-
vention plus a monitoring device, or standard of care.58

The first completed trial of MBS patients undergoing
laparoscopic sleeve gastrectomy procedures found that
those randomized to an eHealth intervention that
included iPad! minis with MyFitnessPal! installed
had significantly more weight loss at 12 and 24
months post-MBS.57 A second completed pilot trial
randomized patients to a telephone-delivered cognitive
behavioral therapy intervention versus standard of care
to assess improvement in pre-operative eating psycho-
pathology and psychosocial functioning.60 The authors
reported positive treatment effect outcomes (improving
eating psychopathology and depression) at seven weeks
post-baseline. A third completed trial assessed the effi-
cacy of a videoconferencing-delivered psychoeduca-
tional post-MBS group intervention61 and reported
positive outcomes (excess weight loss, health-related
quality of life, self-efficacy) in the subgroup of patients
with depressive symptoms, but not for the global
sample. Cassin et al.60 did report that the majority of
the sample was non-Hispanic White and female. None
of the trials reported the use of a conceptual
framework.

Discussion

Only one study57 reported that a mHealth intervention
was effective in post-MBS weight loss maintenance
versus standard of care. Most studies had design limi-
tations (e.g. uncontrolled trials, low power). Published
studies varied widely in terms of study design (qualita-
tive to randomized controlled trials) and eHealth deliv-
ery method (telemedicine to blog post content) with a
relatively consistent balance of pre- or post-operative
MBS delivery. No studies included adolescents; only
two included a conceptual framework to support
study design and outcomes; and only two reported
race/ethnicity composition of the study sample.
Overall reported results were generally positive in
terms of feasibility, acceptability and preliminary effi-
cacy of eHealth delivery of pre- and post-operative
MBS educational materials, knowledge exchange and
social support. There was very little long-term (� 6
months) follow-up reported.

Obesity continues to be a major public health crisis
in this country and severe obesity continues to increase
most rapidly.62–64 Over the past 15 years, the number
of Americans with a BMI of �40 kg/m2 increased by
50% and those with a BMI �50 kg/m2 increased by
75%, a rate two and three times faster, respectively,
than the rest of the obese population.61 Similar trends
are shown in adolescents; almost 10% of non-Hispanic
Black and 7.6% of Hispanic American youth ages 2–19

years are affected by severe obesity, defined as � 120%

of the 95th percentile of BMI adjusted for age and

sex.63 MBS continues to remain a common elective

procedure in the USA with about a quarter of a million

adults and adolescents undergoing the procedure annu-

ally.64 In parallel, the world is experiencing exponential

technological growth with the youngest generations

becoming increasingly comfortable with eHealth strat-
egies and content as their initial resource to gather

information on a variety of topics. Yet there is very

limited rigorous research available that examines the

use of eHealth strategies and delivery methods for

both pre- and post-operative MBS education delivery,

social support and weight loss resolution, as well as

monitoring of dietary intake and physical activity,

and among adolescents in particular. We found only

two studies34,35 that reported a conceptual framework

to support the study and intervention design and to

map major constructs to patient outcomes. Below we

summarize these findings by the RE-AIM constructs.

Reach

Across all articles contained in this review, there was

reach to several thousand individual patients either in

person or via online content posted in social media,

support groups or chat rooms. In terms of the RE-

AIM framework, most studies did not report inclu-

sion/exclusion criteria, the percent of participants

based on a valid denominator, and characteristics of

participants versus non-participants. Ethnicity was

rarely reported (in only two studies), challenging gen-

eralizability of findings. However, this may be one of
the inherent challenges of online data capture; it is

often collected anonymously so researchers can use

only the content of the post or comment for analysis.

Regardless, there is enormous potential via telehealth

capabilities to reach MBS patients who need to travel

several hours to see their surgeon or support team. In

addition to increased reach via telehealth, extended

ability to collect additional monitoring can be achieved

by including some of the strategies highlighted in this

review such as Wi-Fi-enabled weighing scales and exer-

cise/physical activity trackers and monitors, as well as

online dietary intake diaries.

Efficacy/Effectiveness

RE-AIM’s Efficacy/Effectiveness dimension focuses on

(1) primary outcome with or without comparison with

a public health goal; (2) broader outcomes (e.g. other

outcomes, measure of quality of life or potential nega-

tive outcome) or use of multiple criteria; (3) robustness

across subgroups (e.g. moderation analyses); (4) short-

term attrition (%) and (5) differential rates by patient
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characteristics or treatment condition. All of these cri-

teria were rarely reported in studies included in this

review. This may be due to the facts that the majority

of the studies included were not randomized controlled

trials and the application of eHealth strategies with

MBS patients is still an underdeveloped field. Some

studies did report mental health or psychological out-

comes beyond weight loss and cardiometabolic resolu-
tion. Many of the studies’ primary outcomes were more

focused on feasibility and acceptance of eHealth strat-

egies in general, which are critical dimensions to show

proof of concept and lay the foundation for future,

more rigorous interventions and study designs.

Adoption (setting and staff level)

In general, studies in this review did not report (1) set-

ting or staff/allied health professional exclusions or

participation refusal; (2) percent of settings/staff

approached that participate (valid denominator); and
(3) characteristics of settings and staff participating

(both comparison and intervention) compared with

either non-participants or some relevant resource

data. Several studies did include allied health professio-

nals’ opinions and patients’ opinions about motivation

to access via eHealth mechanisms. However, no studies

examined clinic or patient home setting facilitators

and/or barriers to both short- and long-term adoption,

which is critical in the post-operative phase in particu-

lar when patients need the most support for consistent

weight loss.

Implementation

The RE-AIM framework’s Implementation outcomes

focus on (1) percent of perfect delivery or calls com-

pleted, et cetera (e.g. adherence or consistency); (2)

adaptations made to intervention during study; (3)

cost of intervention (time or money); and (4) consisten-

cy of implementation across staff/time/settings/sub-

groups (looking for consistent process, distinct from

outcome comparison). Little reporting of these out-

comes was found in this review. However, as stated

previously this may be due to lack of maturity in this

field as applied to this patient population in general.
Certainly, details of eHealth strategy adaptations for

MBS patients would be informative due to the varying

levels, or need of weight loss and comorbidity resolu-

tion support. Virtually nothing is known about how

eHealth strategies can be effectively implemented

among adolescents considering MBS, or who have

already completed the procedure, yet, for most,

technology is intricately woven into their daily lives.

Another critical gap in the literature is the

finding that virtually nothing is known about

culturally-competent eHealth strategies targeting
ethnic minority patients, and how the acceptance of
delivery of eHealth strategies varies by various racial
or ethnic subgroups. Furthermore, very little informa-
tion is available on how various sociodemographic
groups access, utilize and interact with technology
and their general comfort level with various eHealth
strategies. This is essential information to inform the
development of effective interventions that could be
driven by robust qualitative methodologies.

Maintenance (individual and setting level)

Finally, the RE-AIM framework’s Maintenance dimen-
sion measures the following outcomes for both individ-
ual and setting level outcomes: (1) measure of primary
outcome (with or without comparison with a public
health goal) at � 6 months’ follow-up after final inter-
vention contact; (2) measure of broader outcomes or
use of multiple criteria at follow-up (e.g. measure of
quality of life or potential negative outcome) at
follow-up; (3) robustness data – subgroup effects over
the long term; (4) measure of long-term attrition (%)
and differential rates by patient characteristics or treat-
ment condition. This review had no studies that
reported outcomes greater than six months after the
intervention study was completed, leaving another crit-
ical gap in the field in terms of sustainability and scal-
ability of eHealth strategies targeting MBS patients, as
well as the institution/systems where they receive their
clinical care.

All five RE-AIM dimensions necessitate qualitative
research methods to explore deeper the specific barriers
and facilitators to primary and secondary outcomes.
These include: (1) acceptability (the perception among
implementation stakeholders that a given treatment,
service, practice or innovation is agreeable, palatable
or satisfactory); (2) appropriateness (the perceived fit,
relevance or compatibility of the innovation/evidence
based practice for a given practice setting, provider, or
consumer; and/or perceived fit of the innovation to
address a particular issue or problem); and (3) feasibil-
ity (the extent to which a new treatment, or an innova-
tion, can be successfully used or carried out within a
given agency or setting). Thus, a mixed-methods
research design and approach would be logical as the
field develops and includes more diverse MBS patients
in terms of race, ethnicity, age, sex and geographic res-
idency. It is not until the patients themselves tell us
what they feel is appropriate, acceptable, relevant and
compatible with their lifestyle in terms of eHealth dis-
semination and implementation strategies that we can
expect uptake of and engagement with eHealth inter-
ventions, leading to improved and sustained health
outcomes.
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Summary and conclusions

Very few studies to date have specifically reported out-
comes or effect sizes for the combination of replicable
eHealth interventions targeting MBS patients both pre-
and post-operatively despite the significant increase in
adult and adolescent severe obesity. As such, there is an
opportunity to perform more rigorous studies that
employ robust conceptual frameworks so that dissem-
ination and implementation efforts can be mapped to
construct-driven outcomes. There is additional oppor-
tunity to develop engaging and effective eHealth strat-
egies and products targeting both adult and adolescent
MBS patients. None of the studies included a concep-
tual framework with key, testable constructs to support
the combination of eHealth and MBS interventions.
Both approaches need to take into account key con-
structs from the socioecological framework including
not only intra/interpersonal and developmental factors,
but also those of the system or setting that provides the
eHealth strategy.
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