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Abstract
Most adults in the UK and USA are classified as overweight or obese. Recent studies suggest that the prevalence of obesity
has further increased during the SARS-CoV-2 pandemic and associated lockdowns. Digital technologies may be effective at
managing obesity and related comorbidities, a potential further justified by social isolation and distancing circumstances.

This review of published literature employed a Patient-Intervention-Comparison-Outcome structured approach on the use
of digital solutions to determine the effectiveness of their use in the management and treatment of obesity, hypertension,
and type 2 diabetes and included commercially available, automated devices and applications that did not require interven-
tion from a clinician. Our search covered studies published between January 2004 and February 2019, and 18 papers were
included in the final analysis. The digital solutions reviewed were smartphone applications, wearable activity trackers, and
‘digital medicine offerings’ (DMO), including ingestible sensors and wearable patches.

This study found that not all interventions were effective at encouraging the lifestyle changes required for the manage-
ment of obesity. Smartphone applications requiring interaction from the patient appeared to be more effective at encour-
aging engagement with treatment interventions than more passive wearable activity trackers. Automated feedback from
smartphone applications was effective at managing type 2 diabetes, while DMO were effective at reducing blood pressure.

With the advancement of new technologies alongside a rapid increase in the prevalence of obesity and associated dis-
orders, further studies comparing the various technologies available in larger sample populations for longer periods would
help determine the most cost-effective preventive and therapeutic strategies.
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Introduction
In the UK, the majority of adults were classified as over-
weight or obese in 2017, with the country experiencing a
huge increase in obesity since 1980.1,2 Recent studies
show that following the SARS-CoV-2 pandemic, and the
resulting lockdowns, obesity has become an even more
pressing Public Health concern, not only in the UK but glo-
bally.3–5

Obesity is associated with significant ill health, with over
10,000 hospital admissions solely due to obesity and

711,000 admissions where it was a factor in the UK in
2017.1 Obesity is a major contributor to negative health
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outcomes in SARS-CoV-2 infection.6,7 As well as being a
direct cause of ill health, obesity is often accompanied by
other chronic conditions, such as hypertension and type 2
diabetes.8

Over 90% of adults in the UK and USA access the inter-
net daily, with over 90% of adolescents and young adults
having access to a smartphone.9 Due to their ubiquitous
use, digital tools delivered via smartphones and through
the internet are considered as a potential way of delivering
interventions for the management of obesity and related dis-
orders, among other medical conditions.9 Obesity, hyper-
tension, and type 2 diabetes are similar in that they can be
both ‘treated’ under the care of a clinical team or
‘managed’ by the patient themselves, such as by adjusting
their lifestyle. Unfortunately however, it is widely accepted
that poor adherence to healthier lifestyle interventions is a
common occurrence in the longer term.10

Digital health solutions, such as mobile applications and
wearable devices, have been recognised as a way to
improve adherence to interventions that rely on self-
monitoring and lifestyle changes, due to the fact that they
stimulate constant interaction and, therefore, keep patients
engaged with their treatment.11 Such self-monitoring has
been particularly relevant in recent times due to the thor-
oughly justified need for self-isolation and the necessary
quarantine measures during lockdown12

Hundreds of studies have been published in the last five
years covering the usefulness of mobile applications and
wearable devices in a range of health conditions.
However, there is no consistency in the outcomes of such
studies, and a more thorough understanding of the results
available is necessary in order to further elucidate the poten-
tial of digital health solutions.

Although digital tools for self-monitoring are currently
in use within the United Kingdom’s National Health
Service, their use is not currently widespread.13 The
increasing popularity of commercially available digital
health tools, such as smartphone applications and wearable
activity trackers, offers an opportunity for existing patients,
as well as overweight and obese individuals who are yet to
present to a clinician, to monitor their condition daily, and
make decisions based on this monitoring, without directly
communicating with their physician. This is especially sig-
nificant for patients who have not registered with a phys-
ician or who do not have health insurance, in remote settings
where access to healthcare is difficult, or in situations where
healthcare resources are diverted elsewhere, such as during
the SARS-CoV-2 pandemic. Furthermore, it is estimated that
the cost of obesity-related ill health to the National Health
Service will rise from £6.1bn to £9.7bn a year by 2050,14

meaning that any effective digital solution that can improve
obesity outcomes may allow this funding to be diverted to
the treatment and management of other diseases.

Reviews into the treatment and management of
obesity, hypertension, and type 2 diabetes have been

carried out15–17; however, these studies do not focus on
fully automated solutions. Given that such solutions
involve interaction with a clinician, they are not scalable
for use on a population level in the same way as fully auto-
mated solutions. The aim of this investigation was to
explore the effectiveness of fully remote and fully auto-
mated digital health solutions in the treatment and manage-
ment of obesity, hypertension, and type 2 diabetes.

Method
This literature review aimed to evaluate the current literature
available on fully remote and fully automated digital health
interventions and their use in managing obesity and related
disorders. A Patient-Intervention-Comparison-Outcome
(PICO) structured approach was used to frame the research
question and is shown in Table 1. Figure 1 shows the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) diagram for the searches carried
out in this review. Searches were carried out in May 2021
on PubMed. PubMed was the only database searched, as
this database contains journals that are indexed in the
National Library of Medicine. Search results were screened
by initially reviewing titles and abstracts by JP. Relevance cri-
teria are explained below.

The initially selected papers were then fully reviewed by
JP and HO and assessed for eligibility, with suitable and eli-
gible papers included in the final review and shown in
Table 2. No quality appraisal was carried out on the
papers as this was outside the scope of this investigation.
We instead focused on exploring the results of such
studies to provide an overview of the literature available,
rather than carrying out a meta-analysis.

Search terms resulted in a total of 240 studies and 10
studies were identified from other sources, with 18 studies
included in the final review. Studies were not excluded

Table 1. The populations, interventions, comparisons, and
outcomes studied in this literature review.

Population Overweight and obese individuals
Individuals with type 2 diabetes
Individuals with hypertension

Intervention Smartphone applications for daily self-monitoring
Wearable activity trackers
Digital medicine offerings (DMO)

Comparison No treatment
Non-digital interventions
In-person interventions

Outcome Weight loss
Decrease in HbA1c
Decrease in systolic or diastolic blood pressure
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based on the year of publication and the included studies
were published between 2004 and 2019. Separate searches
were carried out for obesity, hypertension, and type 2 dia-
betes, with relevant interventions and outcomes included
in each search. For example, “glycated haemoglobin” was
only included in type 2 diabetes search term, and “digital
medicine offering” (DMO) was not included in the
obesity search term as it would not be typical for obesity
to be treated with such an intervention in the same way as
hypertension or type 2 diabetes. The search terms employed
in this study are presented in the appendix.

‘Digital health’ is a broad term which can cover a wide
range of interventions. A study was included in this review
if it involved: a) the use of mobile or web-based applica-
tions for self-monitoring of diet or exercise; or b) the use
of wearable activity trackers; or c) the use of digital tools
which are used by the patient to self-monitor physiological
factors, such as digital blood pressure (BP) monitors and
blood glucose monitors; or d) DMO, which are defined in

this study as a prescribed medication that is enhanced by
technology, such as ingestible sensors and wearable
insulin delivery devices.

Only digital interventions which were fully automated
and did not involve remote or in-person contact with health-
care professionals were included in this study. This
approach was so to ensure that all the interventions
reviewed here were fully scalable and could be used on a
population level. Studies that included commercially avail-
able and bespoke applications were included if they did not
involve contact with healthcare professionals, on the basis
that these bespoke applications could be distributed on a
large scale or commercialised and released to the public.
Although studies were excluded if they included contact
with a healthcare professional during the study, many of
the appraised studies took place in healthcare professional
settings for data collection purposes and, therefore,
included meetings with healthcare professionals at the
start and end of their interventions.

Figure 1. Flow chart diagram illustrating the search terms conducted and the final number of papers included in this literature review.
Inclusion criteria detailed in the method. Search terms used for database searching can be seen in the appendix.
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d
to

ta
ke

an
y
m
ed
ic
at
io
n
th
at
ha
d
al
re
ad
y

be
en

pr
es
cr
ib
ed

M
ea
n
ba
se
lin
e
in
su
lin

w
as

hi
gh
er

in
th
e
co
m
pa
ri
so
n
gr
ou
p

th
an

th
e
in
te
rv
en
tio
n
gr
ou
p.

St
ar
te
d
=
19
1,

Co
m
pl
et
ed

=
15
1

Ch
an
ge
s
in

H
bA

1c
an
d

pr
op
or
tio
n
of

pa
rt
ic
ip
an
ts

w
ho
se

H
bA

1c
fe
ll
be
lo
w

7%
af
te
r
24

w
ee
ks

A
si
gn
ifi
ca
nt
ly
gr
ea
te
r
re
du

ct
io
n
in

H
bA

1c
an
d
a
si
gn
ifi
ca
nt
ly
gr
ea
te
r
pr
op
or
tio
n
of

pa
rt
ic
ip
an
ts
ac
hi
ev
in
g
a
H
bA

1c
le
ve
l

be
lo
w
7%

w
er
e
ob
se
rv
ed

in
th
e
m
ob
ile

gr
ou
p
th
an

th
e
pa
pe
r
di
ar
y
gr
ou
p.

Si
gn
ifi
ca
nt
ly
m
or
e
pa
tie
nt
s
in

th
e

in
te
rv
en
tio
n
gr
ou
p
ch
an
ge
d
in
su
lin

do
se

co
m
pa
re
d
to

th
e
co
m
pa
ri
so
n

gr
ou
p.

Ki
m

et
al
.

20
19

24
Th
re
e-
ar
m

ra
nd
om

is
ed

co
nt
ro
lle
d
tr
ia
l

A
sm

ar
tp
ho
ne

ap
p
fo
r

da
ily

se
lf-
m
on
ito
ri
ng

an
d
w
ea
ra
bl
e
ac
tiv
ity

tr
ac
ke
r

Ve
rb
al

ad
vi
ce

to
lo
se

w
ei
gh
t
fr
om

a
cl
in
ic
ia
n

Pa
tie
nt
s
w
ith

sl
ee
p
ap
no
ea

St
ar
te
d
=
60
,

Co
m
pl
et
ed

=
43

W
ei
gh
t
ch
an
ge

af
te
r
4
w
ee
ks

Pa
rt
ic
ip
an
ts
w
ho

us
ed

on
ly
th
e
ap
p

ex
pe
ri
en
ce
d
si
gn
ifi
ca
nt

w
ei
gh
t

re
du

ct
io
n.

Pa
rt
ic
ip
an
ts
th
at

us
ed

th
e
ap
p
an
d
th
e

w
ea
ra
bl
e
tr
ac
ke
r
ex
pe
ri
en
ce
d

si
gn
ifi
ca
nt

w
ei
gh
t
re
du

ct
io
n.

Co
m
pa
ri
so
n
gr
ou
p
pa
rt
ic
ip
an
ts
di
d
no
t

ex
pe
ri
en
ce

si
gn
ifi
ca
nt
w
ei
gh
tr
ed
uc
tio
n.

A
pp
-o
nl
y
pa
rt
ic
ip
an
ts
ex
pe
ri
en
ce
d

si
gn
ifi
ca
nt
ly
gr
ea
te
r
w
ei
gh
t
re
du

ct
io
n

th
an

th
e
co
m
pa
ri
so
n
gr
ou
p,

bu
t
ap
p

an
d
w
ea
ra
bl
e
pa
rt
ic
ip
an
ts
di
d
no
t.

Ki
m
,
W
in
ei
ng
er

&
St
ei
nh
ub

l
20
16

25

R
an
do
m
is
ed

co
nt
ro
lle
d

tr
ia
l

A
bl
oo
d
pr
es
su
re

m
on
ito
ri
ng

de
vi
ce

w
ith

sm
ar
tp
ho
ne

U
su
al

ca
re

H
yp
er
te
ns
iv
e
pa
tie
nt
s
w
ho

ha
d

be
en

pr
es
cr
ib
ed

at
le
as
t
on
e

an
ti-
hy
pe
rt
en
si
ve

m
ed
ic
at
io
n

St
ar
te
d
=
95
,

Co
m
pl
et
ed

=
95

Ch
an
ge
s
in

pe
rc
en
ta
ge

of
pa
tie
nt
s
ac
hi
ev
in
g
bl
oo
d

pr
es
su
re

co
nt
ro
l
sy
st
ol
ic

A
si
gn
ifi
ca
nt

de
cr
ea
se

in
di
as
to
lic

bl
oo
d

pr
es
su
re

w
as

ob
se
rv
ed

in
bo
th

gr
ou
ps
,

w
hi
le
a
si
gn
ifi
ca
nt

de
cr
ea
se

in
sy
st
ol
ic

(c
on
tin
ue
d)
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Ta
bl
e
2.

Co
nt
in
ue
d.

Pa
pe
r

St
ud

y
fo
rm

at
In
te
rv
en
tio
n
de
ta
ils

Co
m
pa
ri
so
n
de
ta
ils

Po
pu

la
tio
n
ch
ar
ac
te
ri
st
ic
s

Sa
m
pl
e
si
ze

O
ut
co
m
e
m
ea
su
re
d

R
el
ev
an
t
fi
nd
in
gs

ap
pl
ic
at
io
n
th
at

ga
ve

re
m
in
de
rs

an
d
he
al
th

pr
om

ot
io
n
m
at
er
ia
l

In
te
rv
en
tio
n
gr
ou
p
ba
se
lin
e

sy
st
ol
ic
bl
oo
d
pr
es
su
re
=
13
6.
1

m
m
H
g
(±
15
.2
m
m
H
g)
,
ba
se
lin
e

di
as
to
lic

bl
oo
d
pr
es
su
re
=
86
.3

m
m
H
g
(±
12
.8

m
m
H
g)

Co
m
pa
ri
so
n
gr
ou
p
ba
se
lin
e

sy
st
ol
ic
bl
oo
d
pr
es
su
re
=
14
5.
9

m
m
H
g
(±
19
.5
m
m
H
g)
,
ba
se
lin
e

di
as
to
lic

bl
oo
d
pr
es
su
re
=
93
.1

m
m
H
g
(±
14
.1

m
m
H
g)

an
d
di
as
to
lic

bl
oo
d

pr
es
su
re

af
te
r
6
m
on
th
s

bl
oo
d
pr
es
su
re

an
d
in
cr
ea
se

in
pa
rt
ic
ip
an
ts
ac
hi
ev
in
g
bl
oo
d
pr
es
su
re

co
nt
ro
l
w
er
e
on
ly
se
en

in
th
e

co
m
pa
ri
so
n
gr
ou
p.

Ko
oi
m
an

et
al
.

20
18

26
R
an
do
m
is
ed

co
nt
ro
lle
d

tr
ia
l

A
w
ea
ra
bl
e
ac
tiv
ity

tr
ac
ke
r

an
d
ac
ce
ss

to
on
lin
e

he
al
th

pr
om

ot
io
n

re
so
ur
ce
s

U
su
al

ca
re

A
du

lts
w
ith

ty
pe

2
di
ab
et
es

(H
bA

1c
≥
7.
5%

)
ta
ki
ng

in
su
lin
,
or
al

m
ed
ic
at
io
n,

or
G
LP
-1

th
er
ap
y.

N
o
si
gn
ifi
ca
nt

di
ffe
re
nc
e
w
as

ob
se
rv
ed

fo
r
in
su
lin

us
ag
e

be
tw
ee
n
gr
ou
ps

(i
nt
er
ve
nt
io
n

gr
ou
p
=
55
%
,
co
m
pa
ri
so
n

gr
ou
p
=
53
%
).

In
te
rv
en
tio
n
gr
ou
p
ba
se
lin
e

H
bA

1c
=
69
.9
m
m
ol
/m

ol
(±
9.
5
m
m
ol
/m

ol
)

Co
m
pa
ri
so
n
gr
ou
p
ba
se
lin
e

H
bA

1c
=
70
.2
m
m
ol
/m

ol
(±
13
.3
m
m
ol
/m

ol
)

St
ar
te
d
=
72
,

Co
m
pl
et
ed

=
66

Ch
an
ge

in
H
bA

1c
af
te
r
13

w
ee
ks

N
o
si
gn
ifi
ca
nt

di
ffe
re
nc
e
in

ch
an
ge

in
H
bA

1c
or

ch
an
ge

in
m
ed
ic
at
io
n
w
as

ob
se
rv
ed

be
tw
ee
n
gr
ou
ps

M
ac
ki
llo
p
et

al
.

20
18

27
R
an
do
m
is
ed

co
nt
ro
lle
d

tr
ia
l

A
m
ob
ile

ph
on
e-
ba
se
d

so
lu
tio
n
an
d
w
ir
el
es
s

bl
oo
d
gl
uc
os
e
m
et
er

to
m
on
ito
r
bl
oo
d
gl
uc
os
e

le
ve
ls
du

ri
ng

pr
eg
na
nc
y

R
ou
tin
e
cl
in
ic
ca
re

W
om

en
w
ith

ge
st
at
io
na
l
di
ab
et
es

ta
ki
ng

m
et
fo
rm

in
In
te
rv
en
tio
n
gr
ou
p
ba
se
lin
e

H
bA

1c
=
5.
42
%

(±
0.
34
%
)

Co
m
pa
ri
so
n
gr
ou
p
ba
se
lin
e

H
bA

1c
=
5.
39
%

(±
0.
35
%
)

St
ar
te
d
=
20
3,

Co
m
pl
et
ed

=
18
3

Ch
an
ge

in
m
ea
n
bl
oo
d

gl
uc
os
e
le
ve
l

N
o
si
gn
ifi
ca
nt

di
ffe
re
nc
e
w
as

ob
se
rv
ed

fo
r

th
e
ch
an
ge

in
m
ea
n
bl
oo
d
gl
uc
os
e
le
ve
l

be
tw
ee
n
gr
ou
ps

Ch
an
ge
s
in

m
ed
ic
at
io
n
du

ri
ng

th
e
tr
ia
l

w
er
e
no
t
re
po
rt
ed

M
am

el
i
et

al
.

20
16

28
Pa
ra
lle
l
ar
m

ra
nd
om

is
ed

co
nt
ro
lle
d
tr
ia
l

A
sm

ar
tp
ho
ne

ap
pl
ic
at
io
n

fo
r
da
ily

se
lf-
m
on
ito
ri
ng

of
di
et

an
d
a
w
ea
ra
bl
e
ac
tiv
ity

tr
ac
ke
r
fo
r
au
to
m
at
ic

m
on
ito
ri
ng

of
en
er
gy

ex
pe
nd
itu

re

In
st
ru
ct
io
n
to

fo
llo
w
a

M
ed
ite
rr
an
ea
n
di
et

an
d
lim

it
se
de
nt
ar
y

be
ha
vi
ou
r

O
be
se

10
–
17
-y
ea
r-
ol
ds

St
ar
te
d
=
43
,

Co
m
pl
et
ed

=
20

W
ei
gh
t
ch
an
ge

at
6
m
on
th
s

N
o
si
gn
ifi
ca
nt

di
ffe
re
nc
e
in

w
ei
gh
t

re
du

ct
io
n
w
as

ob
se
rv
ed

be
tw
ee
n
th
e

tw
o
gr
ou
ps
.

(c
on
tin
ue
d)
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Ta
bl
e
2.

Co
nt
in
ue
d.

Pa
pe
r

St
ud

y
fo
rm

at
In
te
rv
en
tio
n
de
ta
ils

Co
m
pa
ri
so
n
de
ta
ils

Po
pu

la
tio
n
ch
ar
ac
te
ri
st
ic
s

Sa
m
pl
e
si
ze

O
ut
co
m
e
m
ea
su
re
d

R
el
ev
an
t
fi
nd
in
gs

O
rs
am

a
et

al
.

20
13

29
R
an
do
m
is
ed

co
nt
ro
lle
d

tr
ia
l

A
sm

ar
tp
ho
ne

ap
p
fo
r

se
lf-
m
on
ito
ri
ng

of
w
ei
gh
t,
bl
oo
d
pr
es
su
re

an
d
bl
oo
d
gl
uc
os
e,
th
at

pr
ov
id
ed

au
to
m
at
ed

fe
ed
ba
ck

m
es
sa
ge
s

U
su
al

ca
re

In
di
vi
du

al
s
w
ith

a
di
ag
no
si
s
of
ty
pe

2
di
ab
et
es
,
el
ev
at
ed

H
bA

1c
le
ve
ls
,e
le
va
te
d
sy
st
ol
ic
or

di
as
to
lic

bl
oo
d
pr
es
su
re
,
or

us
e

of
or
al

di
ab
et
es

m
ed
ic
at
io
n,

be
tw
ee
n
30
–
70

ye
ar
s
ol
d.

In
te
rv
en
tio
n
gr
ou
p
ba
se
lin
e

H
bA

1c
=
6.
86
%

(±
1.
56
%
),

sy
st
ol
ic
bl
oo
d
pr
es
su
re
=
15
7.
0

m
m
H
g
(±
15
.6

m
m
H
g)
,
di
as
to
lic

bl
oo
d
pr
es
su
re
=
88
.5

m
m
H
g

(±
10
.3

m
m
H
g)

Co
m
pa
ri
so
n
gr
ou
p
ba
se
lin
e

H
bA

1c
=
7.
09
%

(±
1.
51
%
),

sy
st
ol
ic
bl
oo
d
pr
es
su
re
=
14
6/
5

m
m
H
g
(±
15
.3
m
m
H
g)
,
di
as
to
lic

bl
oo
d
pr
es
su
re
=
84
.7

m
m
H
g

(±
9.
1
m
m
H
g)

M
ed
ic
at
io
n
us
ag
e
w
as

no
t

re
po
rt
ed
.

St
ar
te
d
=
59
,

Co
m
pl
et
ed

=
48
,

Ch
an
ge
s
in

w
ei
gh
t,
H
bA

1c
an
d
bl
oo
d
pr
es
su
re

af
te
r

10
m
on
th
s

A
si
gn
ifi
ca
nt
ly
gr
ea
te
r
re
du

ct
io
n
in

w
ei
gh
t

an
d
H
bA

1c
w
as

ob
se
rv
ed

in
th
e

in
te
rv
en
tio
n
gr
ou
p
co
m
pa
re
d
to

th
e

co
m
pa
ri
so
n
gr
ou
p.

N
o
si
gn
ifi
ca
nt

di
ffe
re
nc
e
be
tw
ee
n
ch
an
ge

in
sy
st
ol
ic
or

di
as
to
lic

bl
oo
d
pr
es
su
re

w
as

ob
se
rv
ed
.

Pa
te
l
et

al
.

20
19

30
Th
re
e-
ar
m
ed

ra
nd
om

is
ed

co
nt
ro
lle
d
tr
ia
l

A
sm

ar
tp
ho
ne

ap
pl
ic
at
io
n

to
se
lf-
m
on
ito
r
di
et

fo
r

12
w
ee
ks

A
n
ap
p
to

se
lf-
m
on
ito
r

w
ei
gh
t
an
d
di
et

fo
r
12

w
ee
ks

an
d
re
ce
iv
e

w
ee
kl
y
le
ss
on
s
an
d

fe
ed
ba
ck

A
n
ap
p
to

se
lf-
m
on
ito
r

w
ei
gh
t
fo
r
fo
ur

w
ee
ks

an
d
th
en

di
et

an
d

w
ei
gh
t
fo
r
8-
w
ee
ks

O
ve
rw

ei
gh
t
or

ob
es
e
ad
ul
ts

St
ar
te
d
=
10
5,

Co
m
pl
et
ed

=
10
0

W
ei
gh
t
ch
an
ge

at
3
m
on
th
s

Th
er
e
w
as

no
si
gn
ifi
ca
nt

di
ffe
re
nc
e

be
tw
ee
n
w
ei
gh
t
re
du

ct
io
n
in

th
e
th
re
e

ar
m
s
an
d
al
l
ar
m
s
re
su
lte
d
in

cl
in
ic
al
ly

si
gn
ifi
ca
nt

w
ei
gh
t
re
du

ct
io
n.

St
ei
nb
er
g
et

al
.

20
13

31
R
an
do
m
is
ed

co
nt
ro
lle
d

tr
ia
l

‘S
m
ar
t’
sc
al
es
,
fo
r
da
ily

se
lf-
w
ei
gh
in
g,

th
at

se
nd

re
su
lts

to
a
w
eb

po
rt
al
,
al
on
g
w
ith

au
to
m
at
ed

ed
uc
at
io
na
l

em
ai
ls

A
w
ai
t-
lis
t
co
m
pa
ri
so
n

gr
ou
p

O
ve
rw

ei
gh
t
an
d
ob
es
e
ad
ul
ts
(1
8–

60
ye
ar
s
ol
d)

St
ar
te
d
=
91

Co
m
pl
et
ed

=
87

W
ei
gh
t
ch
an
ge

at
6
m
on
th
s

Th
e
in
te
rv
en
tio
n
gr
ou
p
lo
st
si
gn
ifi
ca
nt
ly

m
or
e
w
ei
gh
t
th
an

th
e
co
m
pa
ri
so
n

gr
ou
p
an
d
a
si
gn
ifi
ca
nt
ly
gr
ea
te
r

pe
rc
en
ta
ge

of
th
e
in
te
rv
en
tio
n
gr
ou
p

ac
hi
ev
ed

5%
w
ei
gh
t
lo
ss

Sv
et
ke
y
et

al
.

20
15

32
R
an
do
m
is
ed
,c
on
tr
ol
le
d

co
m
pa
ra
tiv
e

ef
fe
ct
iv
en
es
s
tr
ia
l

A
sm

ar
tp
ho
ne

ap
pl
ic
at
io
n

fo
r
da
ily

se
lf-
m
on
ito
ri
ng

th
at

in
cl
ud

ed
go
al

se
tti
ng
,

ch
al
le
ng
e
ga
m
es
,

au
to
m
at
ed

re
m
in
de
rs
,

an
d
so
ci
al

su
pp
or
t

fr
om

ot
he
r
us
er
s

A
sm

ar
tp
ho
ne

as
si
st
ed

pe
rs
on
al

co
ac
hi
ng

in
te
rv
en
tio
n,
w
he
re

th
e

se
lf-
m
on
ito
ri
ng

w
as

ca
rr
ie
d
ou
t
on

a
sm

ar
tp
ho
ne

ap
p
an
d

go
al

se
tti
ng
,

ch
al
le
ng
es
,
an
d
so
ci
al

su
pp
or
tw

er
e
de
liv
er
ed

in
pe
rs
on

by
a

di
et
iti
an
,
al
on
g
w
ith

m
on
th
ly
ca
lls

A
co
m
pa
ri
so
n
gr
ou
p

O
ve
rw

ei
gh
t
or

ob
es
e
18
–

35
-y
ea
r-
ol
ds

St
ar
te
d
=
36
5,

Co
m
pl
et
ed

=
31
3

W
ei
gh
tc
ha
ng
e
at
6,
12

an
d
24

m
on
th
s

N
o
si
gn
ifi
ca
nt

di
ffe
re
nc
e
in

w
ei
gh
t

re
du

ct
io
n
w
as

se
en

be
tw
ee
n
an
y
of

th
e

gr
ou
ps

ov
er

24
m
on
th
s.
Th
e
pe
rs
on
al

co
ac
hi
ng

gr
ou
p
ex
pe
ri
en
ce
d
gr
ea
te
r

w
ei
gh
t
re
du

ct
io
n
th
an

th
e
ap
p-
on
ly

gr
ou
p
an
d
si
gn
ifi
ca
nt
ly
gr
ea
te
r
w
ei
gh
t

re
du

ct
io
n
th
an

th
e
co
m
pa
ri
so
n
gr
ou
p
at

6
m
on
th
s.
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Ta
bl
e
2.

Co
nt
in
ue
d.

Pa
pe
r

St
ud

y
fo
rm

at
In
te
rv
en
tio
n
de
ta
ils

Co
m
pa
ri
so
n
de
ta
ils

Po
pu

la
tio
n
ch
ar
ac
te
ri
st
ic
s

Sa
m
pl
e
si
ze

O
ut
co
m
e
m
ea
su
re
d

R
el
ev
an
t
fi
nd
in
gs

w
ho

re
ce
iv
ed

in
fo
rm

at
io
na
l
le
afl
et
s

bu
t
w
er
e
no
t
as
ke
d
to

se
lf-
m
on
ito
r

Tu
do
r-
Lo
ck
e

et
al
.
20
04

33
R
an
do
m
is
ed

co
nt
ro
lle
d

tr
ia
l

W
ea
ra
bl
e
ac
tiv
ity

tr
ac
ke
r

(p
ed
om

et
er
)

A
w
ai
t-
lis
t
co
m
pa
ri
so
n

gr
ou
p

O
be
se

ad
ul
ts

St
ar
te
d
=
60

Co
m
pl
et
ed

=
47

Ch
an
ge

in
w
ei
gh
t,
sy
st
ol
ic

an
d
di
as
to
lic

bl
oo
d

pr
es
su
re
,
an
d
gl
yc
at
ed

ha
em

og
lo
bi
n
at

16
w
ee
ks
.

N
o
si
gn
ifi
ca
nt
di
ffe
re
nc
e
w
as

se
en

be
tw
ee
n

th
e
ch
an
ge
s
in

an
y
ou
tc
om

e
in

ea
ch

gr
ou
p.

N
o
si
gn
ifi
ca
nt

re
du

ct
io
n
in

an
y

ou
tc
om

e
w
as

ob
se
rv
ed

in
ei
th
er

gr
ou
p.

W
ak
i
et

al
.

20
14

34
R
an
do
m
is
ed

co
nt
ro
lle
d

tr
ia
l

Sm
ar
tp
ho
ne

ap
p
fo
r
da
ily

se
lf-
m
on
ito
ri
ng

of
di
et
,

w
ei
gh
t,
bl
oo
d
gl
uc
os
e

an
d
bl
oo
d
pr
es
su
re
,
as

w
el
l
as

au
to
m
at
ed

fe
ed
ba
ck

m
es
sa
ge
s

ab
ou
t
di
et

in
pu

t

Co
nt
in
ua
tio
n
of

‘s
el
f-
ca
re

re
gi
m
en
’

In
di
vi
du

al
s
w
ith

ty
pe

2
di
ab
et
es

A
ve
ra
ge

ba
se
lin
e
H
bA

1c
va
lu
es

w
er
e
no
t
re
po
rt
ed

In
te
rv
en
tio
n
gr
ou
p
m
ed
ic
at
io
n

us
ag
e:

7/
27

w
er
e
ta
ki
ng

no
m
ed
ic
at
io
n,

13
/2
7
w
er
e
ta
ki
ng

or
al

hy
po
gl
yc
ae
m
ic
al
on
e,

4/
27

w
er
e
ta
ki
ng

in
je
ct
ab
le

no
ni
ns
ul
in

al
on
e,

3/
27

w
er
e

ta
ki
ng

in
je
ct
ab
le
no
ni
ns
ul
in
an
d

or
al

hy
po
gl
yc
ae
m
ic

Co
m
pa
ri
so
n
gr
ou
p
m
ed
ic
at
io
n

us
ag
e:

6/
27

w
er
e
ta
ki
ng

no
m
ed
ic
at
io
n,

20
/2
7
w
er
e
ta
ki
ng

or
al

hy
po
gl
yc
ae
m
ic
al
on
e,

0/
27

w
er
e
ta
ki
ng

in
je
ct
ab
le

no
ni
ns
ul
in

al
on
e,

1/
27

w
er
e

ta
ki
ng

in
je
ct
ab
le
no
ni
ns
ul
in
an
d

or
al

hy
po
gl
yc
ae
m
ic

St
ar
te
d
=
66
,

Co
m
pl
et
ed

=
54

Ch
an
ge

in
H
bA

1c
af
te
r
3

m
on
th
s

A
si
gn
ifi
ca
nt
ly
gr
ea
te
r
re
du

ct
io
n
in

H
bA

1c
w
as

se
en

in
th
e
in
te
rv
en
tio
n
gr
ou
p

co
m
pa
re
d
to

th
e
co
m
pa
ri
so
n
gr
ou
p.

N
o

si
gn
ifi
ca
nt

di
ffe
re
nc
e
in

m
ed
ic
at
io
n

ad
ju
st
m
en
t
w
as

ob
se
rv
ed

be
tw
ee
n

gr
ou
ps
.

Yo
o
et

al
.

20
09

35
R
an
do
m
is
ed

co
nt
ro
lle
d

tr
ia
l

A
bl
oo
d
gl
uc
os
e

m
ea
su
ri
ng

de
vi
ce
,

bl
oo
d
pr
es
su
re

m
ea
su
ri
ng

de
vi
ce
,

m
ob
ile

ph
on
e
w
ith

au
to
m
at
ed

al
er
ts
to

ta
ke

an
d
up

lo
ad

m
ea
su
re
m
en
ts

Co
nv
en
tio
na
l
cl
in
ic
vi
si
ts

O
ve
rw

ei
gh
t
in
di
vi
du

al
s,
ag
ed

30
–

70
,w

ith
di
ag
no
se
d

hy
pe
rt
en
si
on

an
d
ty
pe

2
di
ab
et
es

In
te
rv
en
tio
n
gr
ou
p
ba
se
lin
e

H
bA

1c
=
7.
6%

(±
0.
9%

),
sy
st
ol
ic

bl
oo
d
pr
es
su
re
=
14
0
m
m
H
g

(±
18

m
m
H
g)
,d

ia
st
ol
ic
bl
oo
d

pr
es
su
re
=
84

m
m
H
g
(±
10

m
m
H
g)

Co
m
pa
ri
so
n
gr
ou
p
H
bA

1c
=

7.
4%

(±
0.
9%

),
sy
st
ol
ic
bl
oo
d

pr
es
su
re
=
13
8
m
m
H
g
(±
18

m
m
H
g)
,
di
as
to
lic

bl
oo
d

pr
es
su
re
=
83

m
m
H
g
(±
10

m
m
H
g)

M
ed
ic
at
io
n
us
ag
e
w
as

no
t

re
po
rt
ed
.

St
ar
te
d
=
12
3,

Co
m
pl
et
ed

=
11
1

Ch
an
ge

in
H
bA

1c
,
bl
oo
d

pr
es
su
re

an
d
w
ei
gh
t
af
te
r

3
m
on
th
s

A
si
gn
ifi
ca
nt

re
du

ct
io
n
in

sy
st
ol
ic
an
d

di
as
to
lic

bl
oo
d
pr
es
su
re

w
as

ob
se
rv
ed

in
th
e
in
te
rv
en
tio
n
gr
ou
p
bu

t
no
t
in

th
e

co
m
pa
ri
so
n
gr
ou
p.

A
si
gn
ifi
ca
nt

re
du

ct
io
n
in

H
bA

1c
w
as

ob
se
rv
ed

in
th
e
in
te
rv
en
tio
n
gr
ou
p

co
m
pa
re
d
to

a
si
gn
ifi
ca
nt

in
cr
ea
se

in
H
bA

1c
in

th
e
co
m
pa
ri
so
n
gr
ou
p.

A
si
gn
ifi
ca
nt

de
cr
ea
se

in
w
ei
gh
t
w
as

ob
se
rv
ed

in
bo
th

gr
ou
ps
.

8 DIGITAL HEALTH



Studies that included digital tools that alerted healthcare
practitioners if the patient recorded dangerous blood
glucose or BP reading were included in this review, as
the main function of these applications was to self-monitor
the condition, with the alerts acting as an additional safety
feature, with these alerts not affecting the way that the
patient can self-monitor their condition. Furthermore, inter-
ventions that sent BP and blood glucose readings to health-
care practitioners but did not involve regular remote contact
with these healthcare practitioners were included. This is
because if a patient is managing hypertension or type 2 dia-
betes following a diagnosis, they are, by definition, already
under the care of a healthcare practitioner. Therefore, the
provision of their data to the healthcare practitioner may
benefit their overall treatment plan but does not impact
the way that they use the digital health tool to manage
their condition on a day-to-day basis. Interventions in the
included studies were compared against comparison
groups defined by the authors of the studies and are listed
in the ‘Comparison Details’ column of Table 2.

Only studies that included primary data (e.g. randomised
control trials) were included in this investigation. Review
papers were excluded. Where review papers appeared to
be relevant to the topic, their reference lists were analysed,
and relevant papers found were included in the review.
These papers represent the ‘records identified from other
sources’ on the PRISMA diagram. Only articles written in
English were included.

Results and discussion

Obesity

Weight reduction was an outcome investigated in 11 of
the studies included in this literature review,2,18–20,22,28–33

with some studies investigating weight reduction
alone18,20,22,24,28,30–32 and some investigating it alongside
outcomes relevant to comorbidities such as hypertension
and diabetes.19,29,33 Smartphone applications were included
in nine of these studies18,20,22,24,28–31,33 and were the most
common digital intervention studied, followed by wearable
activity trackers,19,24,28,33 which were included in four of
the studied interventions.

Smartphone applications that involved daily self-
monitoring of diet, exercise, or weight were found to be
effective at reducing weight in users in all of the studies
appraised in this review, apart from Mameli et al.,28

which included children as young as 10 years old who
may not have total agency over their diets. Allen et al.18

found that weight reduction in individuals using a daily
self-monitoring smartphone application, with automated
motivational feedback messages, was not significantly differ-
ent from weight reduction in an in-person diet and exercise
counselling intervention. However, the smartphone-only
group did lose the least weight overall and the authors note

that, since it is a pilot study, it is not sufficiently powered to
detect significance between the groups.

Carter et al.20 found similar outcomes for weight reduc-
tion between two groups using a smartphone application or
paper diaries for self-monitoring, suggesting that it is the
action of engaging with the self-monitoring on a daily
basis that drives the behaviour change required for success-
ful weight reduction. The smartphone and paper diary
groups were also compared to a group using a website for
daily self-monitoring, and significantly less weight reduc-
tion was seen in this group than in the smartphone group.
The authors suggest that those results could be explained by
the fact that the participants were used to using their smart-
phones on a daily basis, meaning the introduction of daily self-
monitoring into their lives was less of an intrusion.

Furthermore, daily self-monitoring included diet, phys-
ical activity, and weight in most of the studies in this
review, suggesting that adherence to a calorie-restricted
diet was made more successful by the ability to track the
diet on a smartphone. Interestingly, Steinberg et al.31

found that daily self-monitoring of only weight resulted
in significantly more weight reduction than a waitlist com-
parison group. This suggests that the process of monitoring
weight daily, and thus keeping the goal of weight reduction
in the mind, was enough to drive the behaviour change
required to reduce weight. This is supported by the fact
that participants in Steinberg’s study consumed fewer cal-
ories than the comparison group, despite not being told to
self-monitor diet. However, given that study compared
the intervention group to a waitlist comparison group,
rather than usual care, these results only demonstrate that
measuring weight daily results in better outcomes than
simply not measuring it.

The use of wearable activity trackers was generally not
found to be associated with more weight reduction by the
studies included in this review. Bjørgaas et al.19 found
that the use of a pedometer alongside advice to increase
physical activity did not result in significantly more
weight reduction than the advice on its own, suggesting
that wearable trackers alone are not an effective way of
achieving weight reduction. Tudor-Locke et al.33 reported
similar findings, that the use of a pedometer did not result
in significantly more weight reduction than a waitlist com-
parison group. Interestingly, participants in Tudor-Locke’s
study using the pedometer did significantly increase their
physical activity compared to the comparison group, sug-
gesting that the participants were overestimating the cal-
ories expended during this physical activity.

Ultimately, long-term adherence to low-calorie diets,
irrespective of dietary patterns, remains a core contributor
to weight loss, overpowering the beneficial effects from
physical exercise alone.36 Nevertheless, several RCTs and
observational studies demonstrate the importance of both
exercise and physical activity simultaneously in reducing
the risk for obesity and major adverse cardiac events due
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to, for example, increased daily steps, which is a parameter
that can be reliably quantified by the digital tools explored
in this review.37–39

Kim et al.24 found that a combination of a smartphone
application for daily self-monitoring and wearable tracker
was associated with significant weight reduction. When
compared with results reported by Bjørgaas and
Tudor-Locke, Kim’s results suggest that the use of the
wearable tracker in combination with a smartphone
allows the user to track the calories that have been expended
by physical activity more accurately and adjust their diets
accordingly, something that could not have been identified
in Bjørgaas’ and Tudor-Locke’s studies, as they are from
before smartphone use was widespread. Kim et al.24 also
report that participants that used the smartphone application
without the wearable tracker experienced significantly more
weight reduction than the comparison group, which
received verbal advice to lose weight, whereas the group
that used both the application and the wearable did not.

Many of the studies that were excluded from this review
included smartphone-based interventions that combined
daily self-monitoring with remote contact with a clinician
or in-person interventions assisted by smartphones. These
studies were excluded from our investigation as they are
not fully automated, but this type of intervention was
included as a comparison in two of the studies included
in this review.30,32 Svetkey et al.32 reported no significant
difference in weight reduction between groups using a
smartphone application with a gamification aspect and
receiving an in-person coaching intervention assisted by a
smartphone, after 24 months, while the in-person group
had greater weight reduction than the smartphone group
after 6 months. Such observations suggest that, over a
longer period, smartphone-based interventions may be as
effective as in-person interventions supported by smart-
phones. Furthermore, Patel et al.30 found no significant dif-
ference in weight reduction between a group using a
smartphone application for daily-self monitoring and
another group using the same application alongside
weekly lessons and feedback, with both groups experien-
cing clinically meaningful weight reduction.

Hypertension

Hypertension-related outcomes, such as reduction in sys-
tolic and diastolic BP and the percentage of participants
achieving their BP target, were investigated by six of the
studies included in this review.19,21,25,29,33,35 Smartphone
applications were included in four of the studies,21,25,29,35

with wearable trackers being included in three19,21,33 and
DMO included in one.21

Frias et al.21 investigated the effectiveness of a DMO
intervention involving a smartphone application, ingestible
sensor, and wearable sensor patch in adults who had failed
treatment for hypertension and type 2 diabetes, compared to

usual care. They found that systolic BP reduction was sig-
nificantly greater in the DMO group than the usual care
group after 4 weeks and 12 weeks. Furthermore, partici-
pants that only used the intervention for 4 weeks maintained
their reduction in systolic BP at 12 weeks, with outcomes at
this time being comparable with usual care, suggesting that
shorter term use of DMO interventions may have lasting
benefits.

Yoo et al.35 studied an intervention that included partici-
pants manually recording their BP and uploading it, with
automated feedback messages reminding them to measure
and upload and also providing insight as to whether their
readings were high. Participants using this intervention
achieved a significant reduction in systolic and diastolic
BP, compared to the comparison group, who attended con-
ventional clinic visits and interestingly did not achieve any
significant change. The intervention studied by Orsama
et al.29 also involved a smartphone application for daily
self-monitoring that included feedback messages and was
found to be as effective as usual care at reducing systolic
and diastolic BP.

The intervention studied by Kim et al.25 followed a
similar approach, but the BP readings were automatically
uploaded via wireless connectivity with a smartphone appli-
cation. This intervention was compared to usual care as a
comparison group. The authors found that both groups
achieved a significant decrease in diastolic BP, but only
the usual care group achieved a significant decrease in sys-
tolic BP. Furthermore, only the usual care group had an
increase in the percentage of participants achieving BP
control. These findings support the suggestion that the act
of manually recording and uploading self-monitoring read-
ings may be instrumental in driving the behaviour change
required to achieve meaningful outcomes while using
digital interventions and that the act of daily self-
monitoring may result in the patient better adhering with
their required lifestyle changes. This is further supported
by the fact that the intervention was more effective in par-
ticipants with ‘patient activation’, a concept that measures
how confident and engaged patients are with managing
their condition. Furthermore, it is worth speculating that
patients in the usual care group were asked about their
medication by their healthcare professional, which may
have improved medication adherence and contributed to
the increased percentage of participants achieving BP
control. Further research into whether interventions with
automated medication reminders are effective would
provide evidence as to whether such reminders are effective
at improving outcomes.

Bjørgaas et al.19 and Tudor-Locke et al.33 investigated
the use of wearable trackers on their own at reducing sys-
tolic and diastolic BP. As was the case for weight reduction,
neither study found evidence that wearable trackers alone
are an effective way of managing hypertension. Bjørgaas
et al.19 found no significant difference between the
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intervention group and a group that was encouraged to
increase their physical activity, while Tudor Locke et al.33

found no significant difference between the intervention
group and a waitlist comparison group.

Type 2 diabetes

Glycated haemoglobin (HbA1c), one of the primary metrics
for diagnosing and measuring the extent of type 2 diabetes,
is included as an outcome in ten of the studies included in
our investigation. Smartphone applications for self-
monitoring were included in seven, wearable activity track-
ers in four, and DMO in four studies.

As was the case for obesity and hypertension, Bjørgaas
et al.19 and Tudor-Locke et al.33 did not find evidence
that the use of a wearable activity tracker was more effect-
ive than advice to increase physical activity19 or than a wait-
list comparison group33 at reducing HbA1c. Kim et al.23

report on an intervention in which participants used a smart-
phone application for daily self-monitoring, as well as a
Bluetooth-enabled glucometer that feeds data to the appli-
cation, allowing the application to calculate insulin dose
from blood glucose readings. Kim and colleagues found
that participants using this intervention achieved a signifi-
cantly greater reduction in HbA1c compared to a compari-
son group using a paper logbook to self-monitor blood
glucose, as well as a significantly greater proportion of par-
ticipants reducing HbA1c to under 7%. In another study
involving an intervention that automatically uploaded
blood glucose readings, Holmen et al.22 found that partici-
pants using this intervention experienced a change in blood
glucose that was not significantly different from the change
seen in a comparison group receiving usual care or a group
using the intervention alongside counselling from a dia-
betes nurse.

Kooiman et al.26 found that the use of a wearable activity
tracker and access to online health promotion resources
resulted in a change in HbA1c that was not significantly dif-
ferent from the change found in a usual care comparison
group. Furthermore, Mackillop et al.27 found that partici-
pants using a smartphone app for daily self-monitoring of
blood glucose resulted in a change in HbA1c that was not
significantly different from a comparison group receiving
routine clinical care. In a study that compared a digital inter-
vention to a self-care regimen, Waki et al.34 reported that
participants using a smartphone application for daily-self
monitoring with automated feedback messages achieved a
significantly greater reduction in HbA1c than the compari-
son group. Orsama et al.29 also measured the effect of their
intervention, which included feedback messages, on
HbA1c reduction and found that it resulted in a significantly
greater reduction than usual care, with similar results
reported by Yoo et al.35

Frias et al.21 found that the use of an ingestible sensor,
wearable sensor patch and smartphone application for

daily self-monitoring resulted in a reduction in HbA1c
that was not significantly different from usual care. That
DMO intervention was found to result in a greater reduction
in systolic and diastolic BP than usual care, but a similar
reduction in HbA1c. This could be because hypertension
treatment is likely to involve some form of oral medication
and the DMO is thought to be effective primarily by mon-
itoring and improving medication adherence.

Overall analysis and final considerations

This Patient-Intervention-Comparison-Outcome-structured
investigation found that the effectiveness of digital health
tools at managing and treating obesity, hypertension, and
type 2 diabetes is variable and that some digital interven-
tions were more effective than others. The use of wearable
activity trackers, without smartphone application integra-
tion, were found to be as effective as a waitlist comparison
group,33 or as verbal encouragement, to increase physical
activity19 aiming at improving obesity-, hypertension-, or
diabetes-related outcomes. We also found that when such
interventions were combined with access to online educa-
tional material, they induced reductions in HbA1c similar
to those found through regular visits to a specialist diabetes
nurse,26 suggesting that wearable technology can be effect-
ive if used as part of a broader digital intervention with
access to educational material.

Combining a wearable activity tracker with a smart-
phone application was found to result in a significantly
greater reduction than verbal advice to lose weight by one
study in this review.24 The same study found that the use
of the smartphone application on its own was more effect-
ive than in combination with the wearable tracker, suggest-
ing that the use of the wearable tracker may have caused
users to overestimate the calories expended by their
increased physical activity.

Smartphone applications were the most commonly
studied intervention in our study, and applications that
involve daily self-monitoring of diet and physical activity
were found to be as effective as usual care at reducing
weight by the majority of the studies appraised.
Furthermore, using a portable device that the user is familiar
with may be more effective than a web-based portal
accessed via a computer. These interventions were also
found to be effective at reducing HbA1c, especially when
integrated with a glucometer allowing a calculated insulin
dose to be fed back in real time. Applications that provided
feedback in real time were found to be more effective at
managing diabetes than hypertension, compared to usual
care, suggesting that the feedback messages are more
useful to diabetes patients who control their own medica-
tion doses, than hypertension patients, who are likely to
be prescribed specific doses of medication. Many of the
self-monitoring applications appraised in our study
involved the patient simply measuring and recording their
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HbA1c or BP values and yet reduction in these values was
observed. This suggests that the act of monitoring these
values results in the patient changing their behaviour and
motivates them to adhere to the lifestyle changes required
to effectively manage their condition. Our suggestion is
further supported by the effectiveness of automated feed-
back messages, which not only remind the patient to
record their HbA1c and BP values but also improve out-
comes by allowing more intelligent calculation of insulin
dosage and daily calorie consumption.

DMO, such as a solution that integrated an ingestible
sensor, wearable patch, and smartphone application, were
found to result in significantly greater reductions in systolic
and diastolic BP than usual care, while inducing similar
reductions in HbA1c as compared to usual care.21 Given
that the ingestible sensor and wearable patch are primarily
for monitoring and improving adherence to medication,
these findings suggest that DMO are more effective at man-
aging hypertension than type 2 diabetes, possibly because
hypertension patients are more likely to have oral medica-
tion, whereas type 2 diabetes patients are more likely to
be delivering insulin.

Treating or managing health conditions with wearable
devices alone and omitting conventional treatments which
are known to be effective, such as pharmacological treatments,
is ethically questionable. However, given that obesity is a con-
dition that can bemanaged with behavioural change alone, it is
a good candidate for research into whether devices alone could
improve disease outcomes without external interference.

Conclusion
Overall, the findings of this investigation suggest that smart-
phone applications for self-monitoring of diet, physical activity,
and weight are effective at inducing the behavioural change
required to reduce weight, BP, and HbA1c. Non-digital self-
monitoring interventions can produce similar outcomes,
but the effectiveness of digital interventions is enhanced
when they include automated feedback to patients, espe-
cially for type 2 diabetes patients where feedback messages
include insulin doses. DMO are primarily aimed at monitor-
ing medication adherence and, therefore, appear to be more
effective when used by hypertension patients who have oral
medication as part of their treatment. Wearable activity
trackers do not appear to be effective at reducing weight,
BP, or HbA1c on their own, but may be effective as part
of a wider intervention, especially if these trackers provide
accurate estimates of calorie expenditure.

Given that fully automated interventions benefit from the
fact that they can be scaled to the population level, long-
term studies in large free-living sample populations would
be extremely helpful in determining the effectiveness of
the potentially preventive and therapeutic benefits of
digital health applications, their cost-effectiveness and
feasibility compared to conventional treatments. If such

interventions were to be scaled to the population level,
they would likely be used by individuals who are undergo-
ing treatment for disease, where the automated digital solu-
tion would be delivered in combination with conventional
treatment, as well as for those in the very early stages of dia-
betes, obesity, and hypertension, who are yet to be pre-
scribed medical intervention. Further research into how
conventional, in-person treatment and automated digital
tools can be combined to treat patients would provide
insight into how this would affect the efficacy of these treat-
ments. Furthermore, research into how these interventions
can prevent the progression of obesity, hypertension, and
type 2 diabetes or result in early diagnosis would provide
insight into the potential economic benefits that these solu-
tions could bring to health services.

The preventive and therapeutic potential of such inter-
ventions is further justified by the pressing need to tackle
the continuously increased prevalence and incidence of
obesity in the past decades, markedly accentuated in the
past two years due to the pandemic and lockdowns.
Added to that is the need for interventions that follow
social distancing measures necessary to reduce the trans-
mission of SARS-CoV-2. Lastly, investigations into the
attitudes towards digital health of patients from different
demographics would provide a better understanding of
any barriers to their use or inequalities that exist when
they are used.
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Appendix
Search terms used for initial database searching:

(“smartphone application” OR “mobile application” OR
“wearable tracker” OR “wearable activity tracker” OR
“digital health” OR “digital intervention”) AND (“weight
loss”OR “weight reduction”OR BMI OR obesity OR over-
weight) AND (“RCT” OR “controlled trial” OR rando-
mised OR random)

(“smartphone application” OR “mobile application” OR
“wearable tracker” OR “digital medicine” OR “digital
medic*” OR “DMO” “wearable activity tracker” OR
“digital health” OR “digital intervention”) AND (“hyper-
tension” OR “blood pressure”) AND (“RCT” OR “con-
trolled trial” OR randomised OR random)

(“smartphone application” OR “mobile application”
OR “wearable tracker” OR “wearable” OR “digital medi-
cine” OR “digital medic*” OR “DMO” “wearable activ-
ity tracker” OR “digital health” OR “digital
intervention”) AND (“diabetes” OR “diabetic” OR “gly-
cated haemoglobin” OR “hemoglobin” OR “haemoglo-
bin” OR “HbA1c”) AND (“RCT” OR “controlled trial”
OR randomised OR random)
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