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Abstract

Background: The use of digital technology in healthcare has been found to be useful for data collection, provision
of health information and communications. Despite increasing use of medical mobile phone applications (apps), by
both clinicians and patients, there appears to be a paucity of peer-reviewed publications evaluating their use,
particularly in pregnancy. This scoping review explored the use of mobile phone apps for clinical decision support
in pregnancy. Specific objectives were to: 1. determine the current landscape of mobile phone app use for clinical
decision support in pregnancy; 2. identify perceived benefits and potential hazards of use and 3. identify facilitators
and barriers to implementation of these apps into clinical practice.

Methods: Papers eligible for inclusion were primary research or reports on the development and evaluation of
apps for use by clinicians for decision support in pregnancy, published in peer-reviewed journals. Research
databases included Medline, Embase, PsychoInfo, the Cochrane Database of Systematic Reviews and the online
digital health journals JMIR mHealth and uHealth. Charting and thematic analysis was undertaken using NVivo
qualitative data management software and the Framework approach.

Results: After screening for eligibility, 13 papers were identified, mainly reporting early stage development of the
mobile app, and feasibility or acceptability studies designed to inform further development. Thematic analysis
revealed four main themes across the included papers: 1. acceptability and satisfaction; 2. ease of use and
portability; 3. multi-functionality and 4. the importance of user involvement in development and evaluation.

Conclusions: This review highlights the benefits of mobile apps for clinical decision support in pregnancy and
potential barriers to implementation, but reveals a lack of rigorous reporting of evaluation of their use and data
security. This situation may change, however, following the issue of FDA and MHRA guidelines and implementation
of UK government and other international strategies. Overall, the findings suggest that ease of use, portability and
multi-functionality make mobile apps for clinical decision support in pregnancy useful and acceptable tools for
clinicians.

Keywords: Mobile applications, mHealth, Digital healthcare, Decision support systems, clinical, Decision support
techniques

Background
The use of digital technology in healthcare has been re-
cent and rapid and the advantages of mHealth, i.e. digital
health technologies that utilize mobile phones, is seen as
a natural progression [1]. Recent UK Government policy
recognises value of digital health technology and encour-
ages its integration [2]. Mobile technology has been
found to be useful for data collection, provision of health

information and communications, particularly in lower
and middle income countries, where mobile phones are
very common [3–5]. An increasing body of evidence
suggests mHealth interventions can improve outcomes
and health service utilization [5–7]. One of the particular
advantages of mobile phone applications (apps) is that
they can be updated regularly, ensuring information is
based on current evidence, and they are so readily ac-
cessible [8].
Mobile phone health apps are widely used by clinicians

as well as patients. A survey of UK medical students

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: jenny.carter@kcl.ac.uk
Department of Women and Children’s Health, School of Life Course
Sciences, Faculty of Life Sciences and Medicine, King’s College London,
London, UK

Carter et al. BMC Medical Informatics and Decision Making          (2019) 19:219 
https://doi.org/10.1186/s12911-019-0954-1

http://crossmark.crossref.org/dialog/?doi=10.1186/s12911-019-0954-1&domain=pdf
http://orcid.org/0000-0003-2550-6465
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:jenny.carter@kcl.ac.uk


(n = 257) and junior doctors (n = 131) carried out in
2011 found a high level of smart phone ownership (79%,
203/257 and 75%, 98/131, respectively) and mobile app
usage (76%, 155/203 and 72%, 71/98, respectively) with
both groups expressing an interest in the development
of additional apps to enhance their education and pro-
fessional practice [9]. As technology has moved on in re-
cent years, this is likely to have increased. A more recent
survey of 197 Californian obstetrics and gynaecology
doctors found that 95% used mobile apps in the clinical
setting [10].
There are concerns, however, that without official val-

idation and regulation some medical apps may produce
erroneous results and lead to incorrect, inappropriate or
even dangerous decisions [11]. In 2015, in recognition of
the growing number of medical apps in use, the USA’s
regulatory body the Food and Drugs Administration
(FDA) issued guidance [12]. This guidance stipulates
that if a mobile app is defined as a medical device it will
be regulated in the same way as other medical devices.
In the UK, the Medicines and Healthcare products
Regulatory Agency (MHRA) also considers and regulates
medical mobile apps providing they meet the regulatory
body’s definition of a medical device [13].
Despite an increasing use of medical mobile phone

apps in healthcare, by both clinicians and patients, there
appears to be a paucity of peer-reviewed professional
journal publications evaluating their use [14]. We de-
cided to undertake a scoping review in order to identify
papers providing insights that could inform development
of mobile apps for clinical decision support in preg-
nancy. Specific objectives were to: 1. determine the
current landscape of mobile phone apps use for decision
support or risk assessment by clinicians in pregnancy
care; 2. identify perceived benefits and potential hazards
of use in clinical practice and 3. identify facilitators and
barriers to implementation of these apps into clinical
practice.

Methods
Inclusion and exclusion criteria were decided upon prior
to initiating a database search and are listed in Table 1.
We chose to focus on clinical decision support tools de-
livered through mobile phone apps, as opposed to other
means e.g. clinical guidelines and decision trees. We also
wanted to explore those used by clinicians, and therefore
excluded apps used solely by pregnant women. The re-
search databases used in the search included: Medline,
Embase, PsychoInfo and the Cochrane Database of
Systematic Review, with search terms and limits used for
each database listed in Table 2. Reference lists and citing
articles were also reviewed for other potentially relevant
papers. In addition to these research databases, the on-
line journals JMIR mHealth and uHealth, which have a

specific focus on digital health, were also searched for
papers reporting on pregnancy, labour or birth. After re-
moval of duplicates, the database and JMIR journals
search produced a total of 909 articles for screening. Re-
view of the titles and abstracts identified 774 of these to
be ineligible based on the inclusion criteria, leaving 135
papers for full text review. Of these, only 13 were eligible
for inclusion, with 122 being excluded for the reasons
shown in the PRISMA flow diagram (Fig. 1).
A formal review of quality was not undertaken because

this was not a systematic review with the aim of estab-
lishing the efficacy of an intervention. Charting and the-
matic analysis was carried out using NVivo qualitative
data management software (version. 11) and Framework
Analysis [15]. Characteristics of the papers and the apps
they describe are shown in Table 3. These include a de-
scription of the report or study design, setting, partici-
pants and time period, area of pregnancy focus and app
characteristics. The main findings and conclusions re-
ported by the authors were explored using thematic
analysis.

Results
Characteristics of the papers included in the review
Details of the 13 included papers are shown in Table 3.
Of the included papers, one [16] reported the reliability
of a clinical decision support tool for calculating risk of
preterm birth. The majority (n = 10) described early de-
velopment of the mobile app with results of feasibility,
usability studies and/or satisfaction studies [17–26]. Two
reported results of studies evaluating maternity care pro-
jects in which the app was a central component of care
delivery [27, 28].
Seven papers reported on studies or projects based in

low and middle income countries, including Africa and
Guatemala [17, 20, 24–28]. Two were based in the UK
[16, 21], one in Spain and Italy [23] and one in USA
[22]. In two papers the location of the project was

Table 1 Inclusion and exclusion criteria for the scoping review

Inclusion Exclusion

Mobile phone applications
(apps) for decision support
or risk assessment in
pregnancy

Decision aids not utilizing
mobile app technology, e.g.
clinical guidelines/models/
decision trees
Apps for data collection or
delivery of information/health
promotion
Statistical prediction models

Primary research or report of
app development and
evaluation published in peer
reviewed journals

Literature review
Study protocols
Commentaries or editorials

App for use by clinicians or
both clinicians and pregnant
women

App for use by pregnant
women only
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unclear, however one of the corresponding authors was
based in Korea [18] and the other in Germany [19]. All
were published between 2014 and 2017: four in 2014;
three in 2015; four in 2016 and two in 2017.
Four papers reported on apps focusing on preeclamp-

sia [17, 19, 20, 26]. Three of these, however, all referred
to the same project, Pre-eclampsia Integrated Estimate
of Risk (PIERS) [17, 20, 26]. Gestational diabetes was the
focus for two papers [21, 23]. The aims of the maternity
care projects were to increase the number of births in a
health facility in Zanzibar [27] and to improve access to
maternity care for women in Ghana [28]. The pregnancy
focus of each of the remaining five papers were: meta-
bolic syndrome [18]; weight and blood pressure moni-
toring [22]; identification of fetal compromise [24];
antenatal depression [25] and preterm birth [16].

Thematic analysis of the main findings and conclusions as
reported by the authors
Theme 1: acceptability and satisfaction
All papers reporting on acceptability, feasibility, usability
and/or satisfaction were generally positive, both with the

mobile app being evaluated, and also with the care it was
designed to support. This was demonstrated by direct
questioning and evaluation tools, but also by increased
patient engagement with, for example, compliance with
self-monitoring [7, 21, 23]. Increased confidence of health
providers, enhanced positive relationships and trust in the
professionals and feelings of support and safety were also
reported [18, 21, 22, 27]. Validation of data and monitor-
ing readings were often a feature of the app, and this was
recognised by clinicians as a valuable improvement in care
[17, 24]. Additionally, apps appeared to help clinicians
identify priorities and they recognized the potential for the
system to be time saving. The automatic transfer of data
to electronic central databases or health records was also
identified as a useful mechanism which could save clini-
cians’ time as they could remotely review the data in ad-
vance of the patient’s hospital appointment [23, 28]. Alerts
systems were utilised in some apps to remind patients of,
for example, appointments, medication, and monitoring
[21, 22], or alert remote clinicians who could respond with
advice, either directly to the patient or their local care
givers [21, 24].

Table 2 Search terms and limits for the scoping review

Search term Search term Limit

Medline
(n = 598)

Pregnancy OR Exp Labour,
Obstetric OR
Labour OR
Premature Birth OR
Obstetric Labor, Premature
OR preterm.mp

AND mHealth.mp OR mobile
application.mp OR
Exp Mobile Applications
OR smart phone.mp
OR Exp Smartphone
OR Decision aid$.mp
OR Risk assessment tool$.mp
OR Predictive model.mp OR
App.mp

Papers published between 2007 (when the iPhone
and first mobile apps were available) and June 2018;
Humans

Embase
(n = 187)

Pregnancy OR Exp Labour,
Obstetric OR
Labour OR
Premature Birth OR
Obstetric Labor, Premature
OR preterm.mp

AND mHealth.mp OR mobile
application.mp OR
Exp Mobile Applications
OR smart phone.mp
OR Exp Smartphone
OR Decision aid$.mp
OR Risk assessment tool$.mp
OR Predictive model.mp
OR App.mp

Papers published between 2007 (when the iPhone and
first mobile apps were available) and June 2018; Humans;
Full text (as large number, n = 479, of abstract only
references were returned)

PsychInfo
(n = 61)

Pregnancy OR Exp Labour,
Obstetric OR
Labour OR
Premature Birth OR
Obstetric Labor, Premature
OR preterm.mp

AND mHealth.mp OR mobile
application.mp OR
Exp Mobile Applications
OR smart phone.mp
OR Exp Smartphone
OR Decision aid$.mp
OR Risk assessment tool$
.mp OR
Predictive model.mp
OR App.mp

Papers published between 2007 (when the iPhone and
first mobile apps were available) and June 2018; Humans

Cochrane Database of
Systematic Reviews
(n = 46)

Pregnancy: tl, ab, kw
(including word variations)

AND mHealth OR decision aid
OR risk assessment tool
OR smart phone
OR mobile phone

No limits

JMIR mHealth and
uHealth
(n = 43)

Pregnancy OR Labour OR
Labor OR Birth

AND Risk
OR
Decision

No limits

Exp explode, m.p keyword search, $ wildcard symbol, tl title, ab abstract, kw keyword
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Theme 2: ease of use and portability
Most medical app users were familiar with smart
phones, and the benefit of portability was regarded as a
great asset [22, 27]. Some users reported problems
which were often related to the phone’s features, e.g. dif-
ficulties with entering data on a small mobile phone
screen and the need for scrolling [17, 20]. Adaptation of
features such as reducing the need for scrolling by hav-
ing fewer data on each form, training and on-phone
manuals were used to address these issues in later stages
of app development [18, 24].
With the relative low cost of smartphones and con-

venience in terms of weight and size, along with the in-
creasing connectivity to mobile networks, mobile apps
appear to be accepted as an excellent opportunity for
improving healthcare, particularly for those in low re-
source settings. One reason, proposed by a number of
authors of the papers included in this review, is that less
educated health care staff can be trained in providing

front-line care using devices that are easy to use, with
internal validation and warning alerts, with the added
benefit of support from remote experts [24–26].

Theme 3: multiple functionality
The versatility and multi-functionality of smartphones
appeared to be an important issue in the papers
reviewed. As decision support tools, mobile apps can
utilize statistical prediction models or decision trees and
make recommendations for action based on input of in-
dividual risk factors and test results [16, 17, 23]. In
addition to decision support, however, most apps (10/
13) were also used for data collection, communication,
or both. Other apps also incorporated Bluetooth internet
connectivity with other devices: pulse-oximetry [20, 24];
blood glucose monitors [21, 23]; blood pressure moni-
tors [22, 23]; digital weighing scales [22] and fetal Dop-
pler devices [24]. One mobile app utilized the
smartphone’s own camera for processing pictures used

Fig. 1 PRISMA 2009 Flow Diagram of results of literature search

Carter et al. BMC Medical Informatics and Decision Making          (2019) 19:219 Page 4 of 13



Ta
b
le

3
C
ha
ra
ct
er
is
tic
s
of

pa
pe

rs
an
d
m
ob

ile
ap
pl
ic
at
io
ns

re
po

rt
ed

in
in
cl
ud

ed
pa
pe

rs

Re
fe
re
nc
e

D
es
cr
ip
tio

n
of

pa
pe

r
an
d
st
ud

y
de

si
gn

Se
tt
in
g,

pa
rt
ic
ip
an
ts
an
d
tim

e
pe

rio
d

A
re
a
of

fo
cu
s
in

pr
eg

na
nc
y

A
pp

fu
nc
tio

ns
A
pp

ch
ar
ac
te
ris
tic
s

D
ec
is
io
n

su
pp

or
t

D
at
a

co
lle
ct
io
n

C
om

m
un

i-
ca
tio

n
C
on

ne
ct
-

ed de
vi
ce

W
at
so
n

et
al
.(
20
17
)
[1
6]

St
ud

y
as
se
ss
in
g
th
e
re
lia
bi
lit
y
of

ris
k

pr
ed

ic
tio

n
sc
or
es

in
co
rp
or
at
in
g
in

th
e
ap
p.

C
om

pa
ris
on

of
th
e
Q
U
IP
P

pr
ed

ic
te
d
ris
k
w
ith

in
7
da
ys

to
th
e

ac
tu
al
de

liv
er
y
ra
te
s.
A
ls
o
in
ve
st
ig
at
ed

th
e
im

pa
ct

of
us
in
g
th
e
Q
U
IP
P
ap
p

re
la
tiv
e
to

a
tr
ea
t-
al
ls
tr
at
eg

y
at

24
–

29
+
6
w
ee
ks

(a
s
pe

r
N
IC
E
Pr
et
er
m

La
bo

ur
gu

id
el
in
e
20
15
).

U
K.
35
5
w
om

en
w
ith

th
re
at
en

ed
pr
et
er
m

la
bo

ur
be

tw
ee
n
20
10

an
d

20
15
.

Pr
et
er
m

bi
rt
h

Ye
s

N
o

N
o

N
o

Ri
sk

of
pr
et
er
m

de
liv
er
y
in

sy
m
pt
om

at
ic
w
om

en
ca
lc
ul
at
ed

us
in
g
ris
k
fa
ct
or
s
an
d
te
st
re
su
lts
.

D
un

sm
ui
r

et
al
.

(2
01
4)

[1
7]

D
es
cr
ib
es

de
ve
lo
pm

en
t
of

ap
p
an
d

re
su
lts

of
us
ab
ili
ty

st
ud

y.
Th
is
pa
pe

r
de

sc
rib

es
th
e
de

ve
lo
pm

en
t
pr
oc
es
s,

in
cl
ud

in
g
ch
al
le
ng

es
an
d
so
lu
tio

ns
,o
f

th
e
PI
ER
S
on

th
e
M
ov
e
(P
O
TM

)i
s
a

lo
w

co
st
,e
as
y-
to
-u
se
,m

ob
ile

he
al
th

(m
H
ea
lth

)a
pp

lic
at
io
n
fo
r
ac
cu
ra
te
ly

pr
ed

ic
tin

g
th
e
ris
k
of

ad
ve
rs
e
ou

t
co
m
es

as
so
ci
at
ed

w
ith

pr
e-
ec
la
m
ps
ia

in
pr
eg

na
nt

w
om

en
.

C
ap
e
To
w
n,
So
ut
h
A
fri
ca
.2
02

w
om

en
ha
d
be

en
as
se
ss
ed

w
ith

th
e

PO
TM

ap
pl
ic
at
io
n.
A
to
ta
lo

f
37

nu
rs
es

an
d
m
id
w
iv
es

ev
al
ua
te
d
th
e

us
er

in
te
rfa
ce

th
ro
ug

h
th
re
e

us
ab
ili
ty

st
ud

ie
s.
N
ov
em

be
r
20
11

to
Ja
nu

ar
y
20
13
.

Pr
e-
ec
la
m
ps
ia

Ye
s

Ye
s

N
o

N
o

A
pp

ca
lc
ul
at
ed

a
ris
k
sc
or
e
us
in
g

cl
in
ic
al
fin
di
ng

s
(in
cl
ud

in
g

m
ea
su
re
m
en

ts
by

pu
ls
e
ox
im

et
er

co
nn

ec
te
d
to

a
sm

ar
tp
ho

ne
).

Ba
se
d
on

th
e
ris
k
sc
or
e,
th
e

ap
pl
ic
at
io
n
pr
ov
id
ed

re
co
m
m
en

da
tio

ns
on

tr
ea
tm

en
t,

re
fe
rr
al
,a
nd

re
as
se
ss
m
en

t.

Je
on

et
al
.

(2
01
6)

[1
8]

D
es
cr
ib
es

de
ve
lo
pm

en
t
of

ap
p
an
d

re
su
lts

of
ev
al
ua
tio

n
st
ud

y.
Pa
pe

r
re
po

rt
s
th
e
de

ve
lo
pm

en
t
an
d

ev
al
ua
tio

n
of

fo
ur

m
ob

ile
ap
pl
ic
at
io
ns

th
at

pr
ov
id
e
ta
ilo
re
d
nu

rs
in
g

re
co
m
m
en

da
tio

ns
fo
r
m
et
ab
ol
ic

sy
nd

ro
m
e
m
an
ag
em

en
t
in

pr
eg

na
nc
y.

Ev
al
ua
tio

n
in
cl
ud

ed
th
e
al
go

rit
hm

pr
of
ic
ie
nc
y
an
d
ef
fic
ie
nc
y,
us
er

in
te
rfa
ce
,u
sa
bi
lit
y,
an
d
ef
fe
ct
iv
en

es
s.

U
sa
bi
lit
y
ev
al
ua
te
d
us
in
g
di
ffe
re
nt

to
ol
s
fo
r
ea
ch

co
nd

iti
on

.

Se
tt
in
g
an
d
tim

e
pe

rio
d
no

t
ex
pl
ic
it

(c
or
re
sp
on

di
ng

au
th
or

ba
se
d
in

Ko
re
a)
.P
ap
er

re
po

rt
s
“e
va
lu
at
io
ns

by
ex
pe

rt
s
an
d
us
er
s.”

Bu
t
do

es
no

t
sp
ec
ify

an
y
de

ta
il
or

nu
m
be

rs
in
vo
lv
ed

.

M
et
ab
ol
ic

sy
nd

ro
m
e
in

pr
eg

na
nc
y,

in
cl
ud

in
g,

ob
es
ity
,

di
ab
et
es
,

hy
pe

rt
en

si
on

,
an
d

hy
pe

rli
pi
da
em

ia
.

Ye
s

N
o

N
o

N
o

A
ut
ho

rs
re
po

rt
:“
M
ob

ile
ap
pl
ic
at
io
ns

pr
ov
id
e
ta
ilo
re
d

nu
rs
in
g
re
co
m
m
en

da
tio

ns
fo
r

m
et
ab
ol
ic
sy
nd

ro
m
e

m
an
ag
em

en
t,
e.
g.

“w
he

n
a

pa
tie
nt

in
ta
ke
s
m
or
e
ca
lo
rie
s

th
an

ne
ed

ed
,t
he

al
er
t
fu
nc
tio

n
ca
n
al
er
t
th
e
pa
tie
nt

by
se
nd

in
g

a
m
es
sa
ge

ba
se
d
on

th
e
da
ily

ca
lo
rie

in
ta
ke

th
at

th
e
di
ar
y

fu
nc
tio

n
ha
s
he

lp
ed

th
e
pa
tie
nt

to
tr
ac
k.
p.

51
2”

N
o
fu
rt
he

r
de

ta
il

or
ex
am

pl
es

re
po

rt
ed

.

Jo
na
s

et
al
.

(2
01
6)

[1
9]

D
es
cr
ib
es

de
ve
lo
pm

en
t
of

ap
p
an
d

re
su
lts

of
ev
al
ua
tio

n
st
ud

y.
Pa
pe

r
de

sc
rib

es
th
e
de

ve
lo
pm

en
t
an
d

ev
al
ua
tio

n
of

a
sm

ar
tp
ho

ne
-b
as
ed

im
ag
in
g
an
d
au
to
m
at
ed

an
al
yt
ic
al
to
ol

w
hi
ch

in
co
rp
or
at
es

th
e
C
on

go
Re
d

D
ot

(C
RD

)t
es
t.
Th
is
te
st
as
se
ss
es

th
e

pr
es
en

ce
of

m
is
fo
ld
ed

pr
ot
ei
ns

in
ur
in
e,
an
d
sh
ow

s
pr
om

is
e
as

a
di
ag

no
st
ic
an
d
pr
og

no
st
ic
to
ol

fo
r
pr
e

ec
la
m
ps
ia
.S
ta
ge

1:
ev
al
ua
tio

n
of

a
pr
el
im

in
ar
y
ve
rs
io
n
of

im
ag
e
pr
oc
es
si
ng

so
ftw

ar
e
to
ol

us
in
g
st
or
ed

im
ag
es
.

Se
tt
in
g
an
d
tim

e
pe

rio
d
no

t
ex
pl
ic
it.

C
or
re
sp
on

di
ng

au
th
or

ba
se
d
in

G
er
m
an
y.
N
o
pa
tie
nt

pa
rt
ic
ip
an
ts
.

Pr
e-
ec
la
m
ps
ia

Ye
s

N
o

N
o

Ye
s

Sm
ar
tp
ho

ne
ap
pl
ic
at
io
n
gu

id
es

th
e
us
er

th
ro
ug

h
se
ve
n
ea
sy

st
ep

s
th
at

ca
n
be

us
ed

by
no

n-
sp
ec
ia
liz
ed

pe
rs
on

ne
l,
th
ro
ug

h
te
st
im

ag
e
ac
qu

is
iti
on

to
in
te
r

pr
et
at
io
n
of

re
su
lt.

Carter et al. BMC Medical Informatics and Decision Making          (2019) 19:219 Page 5 of 13



Ta
b
le

3
C
ha
ra
ct
er
is
tic
s
of

pa
pe

rs
an
d
m
ob

ile
ap
pl
ic
at
io
ns

re
po

rt
ed

in
in
cl
ud

ed
pa
pe

rs
(C
on

tin
ue
d)

Re
fe
re
nc
e

D
es
cr
ip
tio

n
of

pa
pe

r
an
d
st
ud

y
de

si
gn

Se
tt
in
g,

pa
rt
ic
ip
an
ts
an
d
tim

e
pe

rio
d

A
re
a
of

fo
cu
s
in

pr
eg

na
nc
y

A
pp

fu
nc
tio

ns
A
pp

ch
ar
ac
te
ris
tic
s

D
ec
is
io
n

su
pp

or
t

D
at
a

co
lle
ct
io
n

C
om

m
un

i-
ca
tio

n
C
on

ne
ct
-

ed de
vi
ce

St
ag
e
2:
te
st
in
g
im

pr
ov
em

en
ts
in

re
al
-t
im

e
on

ne
w
ly
pr
ep

ar
ed

st
an
da
rd
iz
ed

C
RD

ar
ra
ys

an
d
an
al
ys
ed

th
e
re
su
lts

fo
r

ag
re
em

en
t.
St
ag
e
3:
A
na
ly
si
s
of

te
st

re
su
lts

ac
ro
ss

fo
ur

op
er
at
or
s,
in
cl
ud

in
g

un
tr
ai
ne

d
pe

rs
on

ne
l(
n
=
1)

w
ho

di
d

no
t
re
ce
iv
e
an
y
in
st
ru
ct
io
n
or

pr
io
r

kn
ow

le
dg

e
of

th
e
sy
st
em

.

Li
m

et
al
.

(2
01
5)

[2
0]

D
es
cr
ib
es

de
ve
lo
pm

en
t
of

ap
p
an
d

re
su
lts

of
2
us
ab
ili
ty

an
d
fe
as
ib
ili
ty

st
ud

ie
s.
Pa
pe

r
re
po

rt
s
fin
di
ng

s
of

st
ud

y
as
se
ss
in
g
th
e
us
ab
ili
ty

an
d
fe
as
ib
ili
ty

of
PI
ER
S
on

th
e
M
ov
e,
an

A
pp

fo
r

pr
e-
ec
la
m
ps
ia
tr
ia
ge

,w
ith

m
id
-le
ve
lh

ea
lth

w
or
ke
rs
,f
or

ite
ra
tiv
el
y
re
fin
in
g
th
e
sy
st
em

.
Tw

o
us
ab
ili
ty

st
ud

ie
s
w
er
e
pe

rfo
rm

ed
w
ith

th
e
po

te
nt
ia
le
nd

-u
se
rs
.E
ac
h
st
ep

in
th
e
de

ve
lo
pm

en
t
pr
oc
es
s
us
ed

th
e

fin
di
ng

s
of

th
e
pr
ev
io
us
,t
hu

s
im

pr
ov
in
g

on
th
e
de

si
gn

an
d
fe
at
ur
es

av
ai
la
bl
e
in

th
e
ap
p.

U
sa
bi
lit
y
st
ud

y
1:
ev
al
ua
tio

n
by

ad
va
nc
ed

m
id
w
ife
ry

st
ud

en
ts
at

Ty
ge

rb
er
g
H
os
pi
ta
l(
C
ap
e
To
w
n,

So
ut
h
A
fri
ca
),
(n
=
15
).
U
sa
bi
lit
y

st
ud

y
2:
ev
al
ua
tio

n
of

th
e
ne

xt
ite
ra
tio

n
by

m
at
er
na
ln

ur
si
ng

st
af
f
at

Fr
er
e
M
at
er
ni
ty

H
os
pi
ta
l(
Ea
st

Lo
nd

on
,S
ou

th
A
fri
ca
),
(n
=
22
).

N
ov
em

be
r
20
12

to
D
ec
em

be
r
20
13
.

Pr
e-
ec
la
m
ps
ia

Ye
s

Ye
s

N
o

Ye
s

“P
re
-e
cl
am

ps
ia
In
te
gr
at
ed

Es
tim

at
e

of
Ri
Sk

(P
IE
RS
)o

n
th
e
M
ov
e

(P
ot
M
)i
s
a
lo
w

co
st
,e
as
y-
to
-u
se
,

m
ob

ile
he

al
th

(m
H
ea
lth

)
pl
at
fo
rm

th
at

ha
s
be

en
cr
ea
te
d
to

ai
d

he
al
th

w
or
ke
rs
in

m
ak
in
g

de
ci
si
on

s
ar
ou

nd
th
e

m
an
ag
em

en
t
of

hy
pe

rt
en

si
ve

pr
eg

na
nt

w
om

en
.T
he

ap
p

co
m
bi
ne

s
tw

o
pr
ev
io
us
ly

su
cc
es
sf
ul

in
no

va
tio

ns
in
to

a
m
H
ea
lth

ap
p:

th
e
m
in
iP
IE
RS

ris
k

as
se
ss
m
en

t
m
od

el
an
d
th
e
Ph

on
e

O
xi
m
et
er
.”

M
ac
ki
llo
p

et
al
.

(2
01
4)

[2
1]

D
es
cr
ib
es

de
ve
lo
pm

en
t
of

ap
p
an
d
re
su
lts

of
ev
al
ua
tio

n
st
ud

y.
Pa
pe

r
de

sc
rib

es
de

ve
lo
pm

en
t
of

a
pr
ot
ot
yp
e
so
ft
w
ar
e

ap
pl
ic
at
io
n
fo
r
th
e
m
an
ag
em

en
t
of

w
om

en
w
ith

or
at

hi
gh

ris
k
of

G
es
ta
tio

na
lD

ia
be

te
s.
A
cu
st
om

w
eb

si
te

w
as

bu
ilt

fo
r
cl
in
ic
ia
n
re
vi
ew

of
th
e
da
ta

tr
an
sm

itt
ed

by
th
e

sm
ar
tp
ho

ne
.A

ft
er

sy
st
em

re
fin
em

en
t,

fu
rt
he

r
ev
al
ua
tio

n
w
as

un
de

rt
ak
en

fo
r

us
ab
ili
ty

an
d
re
lia
bi
lit
y
in

a
48
-p
at
ie
nt

se
rv
ic
e
de

ve
lo
pm

en
t
pr
oj
ec
t.

U
K.
Se
ve
n
w
om

en
pa
rt
ic
ip
at
ed

in
th
e
fir
st
te
st
in
g
ph

as
e
an
d
50

of
th
e

10
4
w
om

en
ap
pr
oa
ch
ed

vo
lu
nt
ee
re
d
to

te
st
th
e
sy
st
em

in
th
e
se
rv
ic
e
de

ve
lo
pm

en
t
ph

as
e.

G
es
ta
tio

na
l

D
ia
be

te
s

Ye
s

Ye
s

Ye
s

Ye
s

A
ut
ho

rs
st
at
e
th
at

th
e:
“F
un

ct
io
na
l

ob
je
ct
iv
es

in
cl
ud

ed
th
e
ab
ili
ty

to
:

1.
A
llo
w

w
om

en
to

ac
cu
ra
te
ly
an
d

ea
si
ly
re
co
rd

bl
oo

d
gl
uc
os
e

m
ea
su
re
m
en

ts
,w

hi
ch

ar
e
th
en

au
to
m
at
ic
al
ly
up

lo
ad
ed

to
a

w
eb

si
te
.2
.A

llo
w

he
al
th

ca
re

pr
of
es
si
on

al
s
to

ac
ce
ss

th
es
e

m
ea
su
re
m
en

ts
re
m
ot
el
y
an
d

re
sp
on

d
qu

ic
kl
y
to

th
em

,t
hu

s
po

te
nt
ia
lly

im
pr
ov
in
g
gl
yc
ae
m
ic

co
nt
ro
lw

ith
ou

t
th
e
ne

ed
fo
r

m
or
e
in
te
ns
iv
e
fa
ce
-t
o-
fa
ce

co
n

ta
ct
.3
.A

llo
w

2-
w
ay

co
m
m
un

ic
a

tio
n
be

tw
ee
n
w
om

en
an
d
he

al
th

ca
re

pr
of
es
si
on

al
s.
4.
Pr
om

ot
e
us
er

pa
rt
ic
ip
at
io
n
(e
m
po

w
er
m
en

t)
of

pr
eg

na
nt

w
om

en
in

th
ei
r
m
ed

ic
al

m
an
ag
em

en
t.”

M
ar
ko

et
al
.

(2
01
6)

[2
2]

Pr
os
pe

ct
iv
e
ob

se
rv
at
io
na
ls
tu
dy

as
se
ss
in
g
fe
as
ib
ili
ty
,e
ffi
ca
cy

an
d

sa
tis
fa
ct
io
n.
Pa
pe

r
re
po

rt
s
fin
di
ng

s
of

D
ep

ar
tm

en
t
of

O
bs
te
tr
ic
s
&

G
yn
ec
ol
og

y
at

th
e
G
eo

rg
e

W
as
hi
ng

to
n
U
ni
ve
rs
ity

H
os
pi
ta
l,

W
ei
gh

t
an
d

bl
oo

d
pr
es
su
re

m
on

ito
rin

g
in

Ye
s

Ye
s

Ye
s

Ye
s

M
ob

ile
ph

on
e
ap
p
w
ith

a
co
nn

ec
te
d
di
gi
ta
lw

ei
gh

t
sc
al
e

an
d
bl
oo

d
pr
es
su
re

cu
ff
fo
r
at
-

Carter et al. BMC Medical Informatics and Decision Making          (2019) 19:219 Page 6 of 13



Ta
b
le

3
C
ha
ra
ct
er
is
tic
s
of

pa
pe

rs
an
d
m
ob

ile
ap
pl
ic
at
io
ns

re
po

rt
ed

in
in
cl
ud

ed
pa
pe

rs
(C
on

tin
ue
d)

Re
fe
re
nc
e

D
es
cr
ip
tio

n
of

pa
pe

r
an
d
st
ud

y
de

si
gn

Se
tt
in
g,

pa
rt
ic
ip
an
ts
an
d
tim

e
pe

rio
d

A
re
a
of

fo
cu
s
in

pr
eg

na
nc
y

A
pp

fu
nc
tio

ns
A
pp

ch
ar
ac
te
ris
tic
s

D
ec
is
io
n

su
pp

or
t

D
at
a

co
lle
ct
io
n

C
om

m
un

i-
ca
tio

n
C
on

ne
ct
-

ed de
vi
ce

a
pr
os
pe

ct
iv
e
ob

se
rv
at
io
na
lp

ilo
t
st
ud

y
to

de
te
rm

in
e
th
e
fe
as
ib
ili
ty

of
m
on

ito
rin

g
pa
tie
nt
s
re
m
ot
el
y
in

pr
en

at
al
ca
re

us
in
g
a
m
ob

ile
ph

on
e
ap
p
an
d

co
nn

ec
te
d
di
gi
ta
ld

ev
ic
es
.A

s
m
ea
su
re
s

of
th
e
fe
as
ib
ili
ty

of
th
e
sy
st
em

,
pa
rt
ic
ip
an
ts
w
er
e
st
ud

ie
d
fo
r

en
ga
ge

m
en

t
w
ith

th
e
ap
p,

ac
cu
ra
cy

of
re
m
ot
e
da
ta
,e
ffi
ca
cy

of
al
er
t
sy
st
em

,
an
d
pa
tie
nt

sa
tis
fa
ct
io
n.
Pa
tie
nt

sa
tis
fa
ct
io
n
w
as

m
ea
su
re
d
us
in
g

a
12
-q
ue
st
io
n
su
rv
ey

th
at

w
as

co
m
pl
et
ed

by
pa
rt
ic
ip
an
ts
af
te
r
20

w
ee
ks

of
pl
at
fo
rm

us
ag
e.

U
SA

.n
=
8
w
om

en
w
ith

lo
w

ris
k

pr
eg

na
nc
y
in

th
e
fir
st
tr
im

es
te
r.
Ju
ly

20
14

to
Ja
nu

ar
y
20
15
.

pr
eg

na
nc
y

ho
m
e
da
ta

co
lle
ct
io
n
fo
r
th
e

du
ra
tio

n
of

pr
eg

na
nc
y.
A
t-
ho

m
e

da
ta

w
as

as
se
ss
ed

fo
r
ab
no

rm
al

va
lu
es

of
bl
oo

d
pr
es
su
re

or
w
ei
gh

t
to

ge
ne

ra
te

cl
in
ic
al
al
er
ts

to
th
e
pa
tie
nt

an
d
pr
ov
id
er
.

Pe
le
g
et

al
.

(2
01
7)

[2
3]

M
ix
ed

m
et
ho

ds
st
ud

y
of

co
m
pl
ia
nc
e,

sa
tis
fa
ct
io
n
an
d
qu

al
ity

of
lif
e.

Th
e
M
ob

iG
ui
de

pr
oj
ec
t
ai
m
ed

to
es
ta
bl
is
h
a
us
er
-fr
ie
nd

ly
,p

at
ie
nt
-

ce
nt
re
d
m
ob

ile
de

ci
si
on

-s
up

po
rt

sy
st
em

fo
r
pa
tie
nt
s
an
d
fo
r
th
ei
r
ca
re

pr
ov
id
er
s,
ba
se
d
on

th
e
co
nt
in
uo

us
ap
pl
ic
at
io
n
of

cl
in
ic
al
gu

id
el
in
es

an
d

on
se
m
an
tic
al
ly
in
te
gr
at
ed

el
ec
tr
on

ic
he

al
th

re
co
rd
s.

Th
e
ob

je
ct
iv
e
of

th
is
pa
pe

r
w
as

to
ev
al
ua
te

w
he

th
er

th
e
in
iti
al
de

pl
oy
m
en

t
of

th
e
M
ob

iG
ui
de

sy
st
em

,f
or

tw
o

di
ffe
re
nt

cl
in
ic
al
do

m
ai
ns

-
at
ria
l

fib
ril
la
tio

n
(A
F)

an
d
ge

st
at
io
na
ld

ia
be

te
s

(G
D
M
)
-
ha
d
ac
hi
ev
ed

th
re
e
m
ai
n

ou
tc
om

es
:(
a)

hi
gh

pa
tie
nt
s’
an
d
ca
re

pr
ov
id
er
s’
co
m
pl
ia
nc
e
to

cl
in
ic
al
-

gu
id
el
in
e
ba
se
d
m
on

ito
rin

g
re
m
in
de

rs
an
d
re
co
m
m
en

da
tio

ns
,(
b)

hi
gh

pa
tie
nt
s
an
d
ca
re

pr
ov
id
er
s’
sa
tis
fa
ct
io
n,

an
d
(c
)
in
cr
ea
se
d
pa
tie
nt
s’
qu

al
ity

of
lif
e.

Ita
ly
an
d
Sp
ai
n.
Th
e
st
ud

y
in
vo
lv
ed

te
n
A
F
pa
tie
nt
s
fro

m
IR
C
C
S

Fo
un

da
tio

n
“S
al
va
to
re

M
au
ge

ri”
,

Pa
vi
a,
Ita
ly
an
d
tw

en
ty

G
D
M

pa
tie
nt
s
fro

m
Pa
rc

Ta
ul
iS
ab
ad
el
l

U
ni
ve
rs
ity

H
os
pi
ta
l,
Sa
ba
de

ll,
Sp
ai
n.

A
s
a
co
nt
ro
lg

ro
up

fo
r
G
D
M
,

re
se
ar
ch
er
s
re
fe
rr
ed

to
da
ta

fro
m

a
hi
st
or
ic
al
gr
ou

p
of

24
7
pa
tie
nt
s,

si
m
ila
r
in

ch
ar
ac
te
ris
tic
s,
w
ho

ha
d

be
en

fo
llo
w
ed

up
du

rin
g
20
10
–

20
13

at
th
e
sa
m
e
G
D
M

cl
in
ic
.A

pr
il

to
D
ec
em

be
r
20
15
.

G
es
ta
tio

na
l

di
ab
et
es

Ye
s

Ye
s

Ye
s

Ye
s

A
ut
ho

rs
re
po

rt
:“
M
ob

iG
ui
de

is
a

re
m
ot
e
ch
ro
ni
c-
pa
tie
nt

m
an
ag
em

en
t
sy
st
em

th
at

ha
s
fiv
e

m
ai
n
ob

je
ct
iv
es
:(
1)

In
cr
ea
si
ng

pa
tie
nt

sa
fe
ty

an
d
qu

al
ity

of
ca
re

th
ro
ug

h
pr
ov
is
io
n
of

pe
rs
on

al
iz
ed

ub
iq
ui
to
us

de
ci
si
on

-s
up

po
rt
to

th
e
pa
tie
nt
s.
(2
)
Se
m
an
tic

da
ta

in
te
gr
at
io
n
in
to

a
pe

rs
on

al
he

al
th

re
co
rd
s.
(3
)
C
re
at
io
n
of

a
ge

ne
ric

ar
ch
ite
ct
ur
e
th
at

su
pp

or
ts

in
te
ro
pe

ra
tio

n
w
ith

a
va
rie
ty

of
po

rt
ab
le
se
ns
or
s,
an
d
di
ffe
re
nt

ho
sp
ita
le
le
ct
ro
ni
c
he

al
th

re
co
rd
s.

(4
)
D
is
tr
ib
ut
io
n
of

th
e
de

ci
si
on

su
pp

or
t
sy
st
em

(D
SS
),
be

tw
ee
n
a

m
ob

ile
D
SS

th
at

ru
ns

on
th
e

pa
tie
nt
’s
sm

ar
t
ph

on
e
an
d
a

ba
ck
en

d
D
SS

th
at

is
ac
ce
ss
ib
le
vi
a

th
e
In
te
rn
et

by
th
e
pa
tie
nt
s’
ca
re

pr
ov
id
er
s.
(5
)
Pe
rfo

rm
an
ce

of
in
te
lli
ge

nt
da
ta

an
al
ys
is
,t
o

di
sc
ov
er

cl
in
ic
al
da
ta

pa
tt
er
ns

in
in
di
vi
du

al
pa
tie
nt
s,
th
us

pr
ov
id
in
g

ad
di
tio

na
ld

ec
is
io
n-
su
pp

or
t.”

In
th
e
G
D
M

do
m
ai
n,
bl
oo

d
gl
uc
os
e

m
on

ito
r
an
d
sp
hy
gm

o-
m
an
om

et
er

w
er
e
co
nn

ec
te
d
to

th
e
pa
tie
nt
’s
sm

ar
t
ph

on
e
by

Bl
ue
to
ot
h.

St
ro
ux

et
al
.

(2
01
6)

[2
4]

M
ix
ed

m
et
ho

ds
st
ud

y
of

fe
as
ib
ili
ty

an
d

ac
ce
pt
ab
ili
ty
.P
ap
er

de
sc
rib

es
fin
di
ng

s
G
ua
te
m
al
a.
n
=
22

pr
eg

na
nt

w
om

en
.

Fe
ta
l

co
m
pr
om

is
e

Ye
s

Ye
s

Ye
s

Ye
s

A
sm

ar
tp
ho

ne
-b
as
ed

sy
st
em

in
cl
ud

in
g
pe

rip
he

ra
ls
en

so
rs
,p

ul
se

Carter et al. BMC Medical Informatics and Decision Making          (2019) 19:219 Page 7 of 13



Ta
b
le

3
C
ha
ra
ct
er
is
tic
s
of

pa
pe

rs
an
d
m
ob

ile
ap
pl
ic
at
io
ns

re
po

rt
ed

in
in
cl
ud

ed
pa
pe

rs
(C
on

tin
ue
d)

Re
fe
re
nc
e

D
es
cr
ip
tio

n
of

pa
pe

r
an
d
st
ud

y
de

si
gn

Se
tt
in
g,

pa
rt
ic
ip
an
ts
an
d
tim

e
pe

rio
d

A
re
a
of

fo
cu
s
in

pr
eg

na
nc
y

A
pp

fu
nc
tio

ns
A
pp

ch
ar
ac
te
ris
tic
s

D
ec
is
io
n

su
pp

or
t

D
at
a

co
lle
ct
io
n

C
om

m
un

i-
ca
tio

n
C
on

ne
ct
-

ed de
vi
ce

of
a
m
ix
ed

m
et
ho

ds
fe
as
ib
ili
ty

st
ud

y
to

ev
al
ua
te

a
sm

ar
t
ph

on
e
ba
se
d
sy
st
em

de
si
gn

ed
to

id
en

tif
y
fe
ta
lc
om

pr
om

is
e.

Th
e
fe
as
ib
ili
ty

as
se
ss
m
en

t
w
as

de
si
gn

ed
to

ev
al
ua
te

w
he

th
er

fro
nt
lin
e
he

al
th
ca
re

w
or
ke
rs
co
ul
d
op

er
at
e
th
e
st
ud

y
eq

ui
pm

en
t
(1
D
fo
et
al
D
op

pl
er
,p

ul
se

ox
im

et
er

an
d
re
co
rd
in
g
ap
pl
ic
at
io
n)

an
d
re
co
rd

si
gn

al
s
su
cc
es
sf
ul
ly
us
in
g
a

sm
ar
t
ph

on
e.
Th
e
st
ud

y
al
so

se
t
ou

t
to

as
se
ss

us
er

ne
ed

an
d
to

as
se
ss

th
e

ac
ce
pt
ab
ili
ty

by
bo

th
he

al
th
ca
re

pr
ov
id
er

an
d
pa
tie
nt
.

W
rit
te
n
fe
ed

ba
ck

w
as

pr
ov
id
ed

by
6

m
em

be
rs
of

st
af
f.

ox
im

et
er

an
d
ha
nd

he
ld

D
op

pl
er

fo
r
th
e
id
en

tif
ic
at
io
n
of

fo
et
al

co
m
pr
om

is
e.
D
es
ig
ne

d
fo
r
us
e
by

ill
ite
ra
te

bi
rt
h
at
te
nd

an
ts
,t
he

sy
s

te
m

us
es

pi
ct
og

ra
m
s,
au
di
o

gu
id
an
ce
,l
oc
al
an
d
cl
ou

d
pr
oc
es
si
ng

,S
M
S
al
er
ts
an
d
vo
ic
e

ca
lli
ng

.

Ts
ai
et

al
.

(2
01
4)

[2
5]

Pa
pe

r
de

sc
rib

es
fin
di
ng

s
of

a
fe
as
ib
ili
ty

st
ud

y
ai
m
ed

at
de

te
rm

in
in
g
th
e
ex
te
nt

to
w
hi
ch

co
m
m
un

ity
he

al
th

w
or
ke
rs

co
ul
d
be

tr
ai
ne

d
to

co
nd

uc
t
ca
se

fin
di
ng

us
in
g
sh
or
t
an
d
ul
tr
as
ho

rt
sc
re
en

in
g
in
st
ru
m
en

ts
pr
og

ra
m
m
ed

in
to

m
ob

ile
ph

on
es
.P
re
gn

an
t
w
om

en
w
er
e
re
cr
ui
te
d
in
de

pe
nd

en
tly

in
tw

o
cr
os
s-
se
ct
io
na
ls
tu
di
es

an
d
as
se
ss
ed

fo
r

an
te
na
ta
ld

ep
re
ss
io
n.

Kh
ay
el
its
ha
,S
ou

th
A
fri
ca
.M

ay
20
09

to
Se
pt
em

be
r
20
10

(n
=
11
44
)
an
d

M
ay

20
10

to
Fe
br
ua
ry

20
11
.

(n
=
36
1)
.

A
nt
en

at
al

de
pr
es
si
on

Ye
s

Ye
s

N
o

N
o

In
bo

th
st
ud

ie
s,
th
e
Xh

os
a
ve
rs
io
n

of
th
e
EP
D
S-
10

w
as

ad
m
in
is
te
re
d

us
in
g
su
rv
ey

so
ft
w
ar
e
pr
o

gr
am

m
ed

in
to

a
m
ob

ile
ph

on
e.

vo
n

D
ad
el
sz
en

et
al
.

(2
01
5)

[2
6]

Pa
pe

r
de

sc
rib

in
g
ob

se
rv
at
io
ns

no
te
d

du
rin

g
de

ve
lo
pm

en
t
of

ap
p.

Th
is
pa
pe

r
de

sc
rib

es
ob

se
rv
at
io
ns

no
te
d
du

rin
g

de
ve
lo
pm

en
t
of

th
e
PI
ER
S
(P
re
-e
cl
am

ps
ia

In
te
gr
at
ed

Es
tim

at
e
of

Ri
Sk
)
m
od

el
s
th
at

id
en

tif
y
pr
eg

na
nt

w
om

en
w
ith

pr
e-

ec
la
m
ps
ia
w
ho

ar
e
m
os
t
lik
el
y
to

de
ve
lo
p
lif
e-
th
re
at
en

in
g
co
m
pl
ic
at
io
ns
,

an
d
su
gg

es
ts
re
co
m
m
en

da
tio

ns
fo
r

de
ve
lo
pm

en
t
of

m
H
ea
lth

in
pe

rin
at
al

ca
re
.

Th
e
au
th
or
s
ha
d
de

ve
lo
pe

d
an
d

va
lid
at
ed

tw
o
ou

tc
om

e
pr
ed

ic
tio

n
m
od

el
s,
th
e
PI
ER
S
(fu

ll
an
d

m
in
i).
Bo

th
m
od

el
s
ha
ve

ac
cu
ra
te

ab
ili
ty

to
id
en

tif
y

w
om

en
at

lo
w

ris
k
of

de
ve
lo
pi
ng

im
m
in
en

t
co
m
pl
ic
at
io
ns
.

Fo
r
us
e
in

lo
w

an
d
m
id
dl
e
in
co
m
e

co
un

tr
ie
s.
20
11
.

Pr
e-
ec
la
m
ps
ia

an
d
ot
he

r
po

te
nt
ia
lly

lif
e

th
re
at
en

in
g

co
nd

iti
on

s.

Ye
s

Ye
s

Ye
s

Ye
s

A
ut
ho

rs
st
at
e:
“T
he

PI
ER
S
on

th
e

M
ov
e
(P
O
M
)
sm

ar
t
ph

on
e
ap
p

in
te
gr
at
es

m
in
iP
IE
RS

an
d
cl
in
ic
al

de
ci
si
on

al
go

rit
hm

s
to

su
pp

or
t

co
m
m
un

ity
he

al
th

ca
re

pr
of
es
si
on

al
s
(c
H
C
Ps
)
as

th
ey

pr
ov
id
e
pr
en

at
al
ca
re
,d

ia
gn

os
e

pr
e-
ec
la
m
ps
ia
,a
nd

in
iti
at
e

lif
es
av
in
g
th
er
ap
ie
s
in

th
e

w
om

an
’s
ho

m
e
pr
io
r
to

ur
ge

nt
tr
an
sf
er

to
an

ef
fe
ct
iv
e
fa
ci
lit
y.
Th
e

re
se
ar
ch
er
s
ha
ve

al
so

de
ve
lo
pe

d
a

m
od

ifi
ed

bl
oo

d
pr
es
su
re

de
vi
ce

(M
ic
ro
lif
e
3A

S1
–2
;M

ic
ro
lif
e,

W
id
na
u,
Sw

itz
er
la
nd

)
sp
ec
ifi
ca
lly

fo
r
us
e
in

lo
w
-
an
d
m
id
dl
e-

in
co
m
e
co
un

tr
ie
s
(L
M
IC
s)
,w

hi
ch

fu
lfi
ls
W
H
O
re
qu

ire
m
en

ts
fo
r

su
ita
bi
lit
y
fo
r
us
e
in

lo
w
-r
es
ou

rc
e

se
tt
in
gs
.A

tr
af
fic

lig
ht

ea
rly

w
ar
ni
ng

sy
st
em

ha
s
be

en
in
co
rp
or
at
ed

in
to

th
e
de

vi
ce
,t
o

al
er
t
us
er
s
to

ab
no

rm
al
iti
es

in

Carter et al. BMC Medical Informatics and Decision Making          (2019) 19:219 Page 8 of 13



Ta
b
le

3
C
ha
ra
ct
er
is
tic
s
of

pa
pe

rs
an
d
m
ob

ile
ap
pl
ic
at
io
ns

re
po

rt
ed

in
in
cl
ud

ed
pa
pe

rs
(C
on

tin
ue
d)

Re
fe
re
nc
e

D
es
cr
ip
tio

n
of

pa
pe

r
an
d
st
ud

y
de

si
gn

Se
tt
in
g,

pa
rt
ic
ip
an
ts
an
d
tim

e
pe

rio
d

A
re
a
of

fo
cu
s
in

pr
eg

na
nc
y

A
pp

fu
nc
tio

ns
A
pp

ch
ar
ac
te
ris
tic
s

D
ec
is
io
n

su
pp

or
t

D
at
a

co
lle
ct
io
n

C
om

m
un

i-
ca
tio

n
C
on

ne
ct
-

ed de
vi
ce

bl
oo

d
pr
es
su
re

an
d
pu

ls
e,
us
in
g

th
es
e
de

ve
lo
pe

d
sh
oc
k
in
de

x
th
re
sh
ol
ds

al
on

g
w
ith

w
el
l-r
ec
og

ni
ze
d
th
re
sh
ol
ds

to
in
di
ca
te

hy
pe

rt
en

si
on

in
pr
eg

na
nc
y.
”

Ba
tt
le
et

al
.

(2
01
5)

[2
7]

M
ix
ed

m
et
ho

ds
ev
al
ua
tio

n
of

pr
og

ra
m

us
in
g
ap
p.

Re
po

rt
of

fin
di
ng

s
fro

m
a
m
ix
ed

m
et
ho

ds
st
ud

y
qu

al
ita
tiv
e
an
d
qu

an
tit
at
iv
e
da
ta

ev
al
ua
tio

n
th
e
“m

H
ea
lth

fo
r
Sa
fe
r
D
el
iv
er
ie
s”

pr
og

ra
m

-
an

in
te
gr
at
ed

m
ob

ile
he

al
th

in
te
rv
en

tio
n
on

m
at
er
na
lc
ar
e
ut
ili
za
tio

n.
Th
e
pr
og

ra
m

w
as

de
si
gn

ed
to

ad
dr
es
s

ea
ch

of
th
e
“t
hr
ee

de
la
ys
”
to

re
ce
iv
in
g

sk
ill
ed

ca
re

at
de

liv
er
y:
(1
)
th
e
de

ci
si
on

to
se
ek

ca
re
;(
2)

re
ac
hi
ng

sk
ill
ed

ca
re
;

an
d
(3
)
th
e
pr
ov
is
io
n
of

ad
eq

ua
te

ca
re

on
ce

at
th
e
he

al
th

fa
ci
lit
y.

Za
nz
ib
ar
,A

fri
ca
.J
an
ua
ry

20
13

to
D
ec
em

be
r
20
14
.Q

ua
lit
at
iv
e

in
te
rv
ie
w
s
-S
ep

te
m
be

r-
O
ct
ob

er
20
14

in
al
ld

is
tr
ic
ts
us
in
g
se
m
i-

st
ru
ct
ur
ed

in
te
rv
ie
w
s
(w
om

en
,

n
=
27
;c
om

m
un

ity
he

al
th

w
or
ke
rs
,

n
=
25
;h
ea
lth

fa
ci
lit
y
w
or
ke
rs
,

n
=
12
).
Q
ua
nt
ita
tiv
e
da
ta

w
er
e

co
lle
ct
ed

Ja
nu

ar
y
20
13

an
d

D
ec
em

be
r
20
14

(n
=
13
,2
31
).

To
en

co
ur
ag
e

fa
ci
lit
y
bi
rt
h

Ye
s

Ye
s

Ye
s

N
o

Th
e
pr
og

ra
m

su
pp

or
te
d

co
m
m
un

ity
he

al
th

w
or
ke
rs
tr
ai
ne

d
to

us
e
a
ph

on
e
w
ith

a
us
er
-

fri
en

dl
y
de

ci
si
on

-s
up

po
rt
ap
pl
ic
a

tio
n.
Th
is
en

ab
le
d
th
em

to
:1
.

C
ou

ns
el
th
e
m
ot
he

r
an
d
fa
m
ily

on
he

al
th
y
be

ha
vi
ou

rs
an
d

re
co
gn

iz
in
g
da
ng

er
si
gn

s;
2.

Re
co
rd

pe
rm

is
si
on

s
fro

m
hu

sb
an
d

an
d
fa
m
ily

m
em

be
rs
ag
re
ei
ng

to
a
fa
ci
lit
y-
ba
se
d
de

liv
er
y;
3.
Sc
re
en

w
om

en
(a
nd

th
ei
r
ba
bi
es
)
fo
r

co
m
pl
ic
at
io
ns

fro
m

pr
eg

na
nc
y
up

to
a
w
ee
k
af
te
r
de

liv
er
y
an
d
re
fe
r

th
em

as
ne

ed
ed

to
th
e
he

al
th

fa
ci
lit
y;
4.
U
se

m
ob

ile
ba
nk
in
g
to

pa
y
fo
r
tr
an
sp
or
ta
tio

n
to

th
e

he
al
th

fa
ci
lit
y
w
he

n
th
e
w
om

an
is

re
fe
rr
ed

,p
ay
in
g
fo
r
tr
an
sp
or
t

w
ith

ou
t
ev
er

to
uc
hi
ng

ca
sh
;5
.

U
se

te
xt

or
vo
ic
e
co
m
m
un

ic
at
io
n

to
no

tif
y
a
he

al
th

fa
ci
lit
y
th
at

a
w
om

an
is
in

tr
an
si
t.

Vé
le
z
et

al
.

(2
01
4)

[2
8]

M
ix
ed

m
et
ho

ds
st
ud

y
ev
al
ua
tin

g
a

pr
og

ra
m

us
in
g
ap
p.

Th
e
M
ill
en

ni
um

Vi
lla
ge

s
Pr
oj
ec
t
(M

VP
)w

as
an

in
te
gr
at
ed

ru
ra
ld

ev
el
op

m
en

t
pr
og

ra
m

to
ac
hi
ev
e

th
e
M
ill
en

ni
um

D
ev
el
op

m
en

t
G
oa
ls

(M
D
G
s)
in

lo
w
-in

co
m
e
ru
ra
lA

fri
ca

by
20
15
.T
he

M
ill
en

ni
um

Vi
lla
ge

H
ea
lth

Sy
st
em

(M
VH

S)
w
as

a
m
aj
or

co
m
po

ne
nt

of
th
e
pr
oj
ec
t,
w
ho

se
co
re

st
ra
te
gy

w
as

to
en

su
re

un
iv
er
sa
la
cc
es
s
to

se
rv
ic
es

fre
e
of

ch
ar
ge

at
th
e
po

in
t
of

ca
re
,w

ith
a

co
nt
in
uu

m
of

se
rv
ic
es

fro
m

th
e
ho

us
eh

ol
d

to
th
e
cl
in
ic
an
d
th
e
re
fe
rr
al
ho

sp
ita
l.
Th
is

pa
pe

r
de

sc
rib

es
a
de

sc
rip

tiv
e
us
ab
ili
ty

st
ud

y
co
m
po

se
d
of

3
ph

as
es

to
ev
al
ua
te

an
m
Cl
in
ic
pr
ot
ot
yp
e:
1)

hy
br
id

la
b-
liv
e

so
ftw

ar
e
ev
al
ua
tio

n
of

m
Cl
in
ic
to

id
en

tif
y

Bo
ns
aa
so
,G

ha
na
.A

ll
m
id
w
iv
es

w
or
ki
ng

in
th
e
cl
us
te
r
of

M
VP

(n
=
7)
.M

ay
20
11
.

A
cc
es
s
to

m
at
er
ni
ty

ca
re
.

Ye
s

Ye
s

Ye
s

N
o

A
m
ob

ile
he

al
th

(m
H
ea
lth

)
ap
pl
ic
at
io
n,
kn
ow

n
as

m
Cl
in
ic
,

ca
pt
ur
es

da
ta

fo
r
m
an
ag
in
g

pa
tie
nt

ca
re
,p

ro
gr
am

ev
al
ua
tio

n
an
d
m
on

ito
rin

g,
de

ci
si
on

m
ak
in
g,

an
d
m
an
ag
em

en
t,
an
d
al
lo
w
s

m
id
w
iv
es

to
ac
ce
ss

th
e
M
VG

-N
et
.

Carter et al. BMC Medical Informatics and Decision Making          (2019) 19:219 Page 9 of 13



Ta
b
le

3
C
ha
ra
ct
er
is
tic
s
of

pa
pe

rs
an
d
m
ob

ile
ap
pl
ic
at
io
ns

re
po

rt
ed

in
in
cl
ud

ed
pa
pe

rs
(C
on

tin
ue
d)

Re
fe
re
nc
e

D
es
cr
ip
tio

n
of

pa
pe

r
an
d
st
ud

y
de

si
gn

Se
tt
in
g,

pa
rt
ic
ip
an
ts
an
d
tim

e
pe

rio
d

A
re
a
of

fo
cu
s
in

pr
eg

na
nc
y

A
pp

fu
nc
tio

ns
A
pp

ch
ar
ac
te
ris
tic
s

D
ec
is
io
n

su
pp

or
t

D
at
a

co
lle
ct
io
n

C
om

m
un

i-
ca
tio

n
C
on

ne
ct
-

ed de
vi
ce

us
ab
ili
ty

is
su
es
;2
)
co
m
pl
et
io
n
of

a
us
ab
ili
ty

qu
es
tio

nn
ai
re
;a
nd

3)
in
te
rv
ie
w
s
th
at

in
cl
ud

ed
lo
w
-fi
de

lit
y
pr
ot
ot
yp
in
g
of

ne
w

fu
nc
tio

na
lit
y
pr
op

os
ed

by
m
id
w
iv
es
.

Carter et al. BMC Medical Informatics and Decision Making          (2019) 19:219 Page 10 of 13



in the Congo Red Dot test to assess the presence of mis-
folded proteins in urine [19]. This test has been pro-
posed as a possible diagnostic test for pre-eclampsia that
could be particularly useful in low resource settings
where more sophisticated laboratory facilities are
unavailable.
Communication between patients and healthcare

workers, or between healthcare workers and colleagues
or other experts, was valued as an important element in
the success of the projects in which the apps played a
central role [17, 21, 27]. This appeared to be so whether
the communication was carried out directly through the
app, or simply by the user being able to communicate
using the same device, i.e. mobile phone.
Data collection, validation, transfer and integration with

other health records and research databases, and the abil-
ity to set alerts, as noted above, along with other inte-
grated features of mobile phone technology, such as time
stamping and Global Positioning System (GPS) tracking of
phone location, were also noted as important and useful
attributes because, for example, the time and place of the
clinical visit could be recorded [17, 21, 23, 24, 28].
Delivering healthcare interventions through mobile

technology also provided the opportunity to adapt pro-
grammes relatively easily to account for specific needs of
the end-users. Accessibility was enhanced, e.g. picture
and video instructions for illiterate users [24]. Language
and cultural diversity issues were also relatively easily
addressed and incorporated into different versions of the
app [17, 21, 24].

Theme 4: the importance of user involvement in
development and evaluation
The importance of user involvement in the development
and evaluation of their app was emphasized in several
papers [17, 20, 26, 28]. The authors noted that this was
not only a key step in enhancing the acceptability and
usability of the device/programme, but also a mechanism
by which they could foster engagement by local stake-
holders, community leaders and healthcare funders. This
interaction was recognised as part of the pathway to en-
sure acceptability of the programme and to maximize its
chances of being sustained.

Discussion
This scoping review has identified and considered a
number of relatively recent papers, mainly reporting
early stage development and feasibility or acceptability
studies designed to inform further development of the
mobile app the paper was concerned with. The number
of papers identified was relatively small compared to the
number of medical apps readily available for download
onto mobile devices. It is likely that many clinicians and
other health care professionals are using them on an ad

hoc basis. However, there are still only very few peer-
reviewed publications in high quality professional jour-
nals that can confirm their utility, reliability, effect on
outcomes and successful implementation or scale up.
None of the papers reported application for regulatory
approval by either the FDA or MHRA.
It is possible that the search strategy employed may

have missed some important papers due to the lack of
standardised search terms associated with the relatively
new field of mobile healthcare. The lack of unified lan-
guage has been previously identified and efforts to ad-
dress this made, such as the WHO “Classification of
Digital Health Interventions” [29]. However, these are
relatively recent, and may take some time to become ap-
parent in the literature.
An extensive number of potentially eligible papers re-

quired a review of the full text because the nature of the
decision support tool or mobile app was not clear from
the title or abstract alone. In addition, the speed with
which new papers are published makes efforts to under-
take a truly comprehensive review of such a fast growing
literature base challenging.
Our objectives were to: 1) determine the current land-

scape of mobile phone app use for clinical decision sup-
port in pregnancy; 2) identify perceived benefits and
potential hazards of use and 3) identify facilitators and
barriers to implementation of these apps into clinical
practice. These objectives have largely been met through
thematic analysis. The findings are consistent with the
widely used “Theory of Acceptance Model” [30]. This
model proposes that two particular beliefs, “perceived
usefulness” and “perceived ease of use”, are primarily im-
portant in predicting future use of computer software. It
is, therefore, not surprising that the apps referred to in
this review were generally considered acceptable. The
issue of data security, however, briefly mentioned in two
papers [17, 28] did not appear to be particularly import-
ant. Where it had been raised as a concern, password
protection at app, rather than phone, level [28] and data
encryption [17] appeared to provide acceptable solu-
tions. This may become a more important issue in the
future, however, following recent scandals regarding the
misuse of personal online data [31].
This scoping review has considered papers reporting

on mobile phone apps for clinical decision support in
pregnancy. It appears that the body of literature relating
to this precise area remains sparse and relatively recent.
No papers were found of studies reporting effects on
clinical outcomes, although the two papers on pro-
grammes to improve healthcare utilization reported suc-
cess. It is expected, however, that more publications will
follow in due course, as the papers reviewed were largely
reporting results of feasibility studies of projects that will
have entered later phases of development. The situation
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is also likely to improve in response to calls for the
adoption of suitable monitoring and evaluation frame-
works, part of the World Health Organisation’s “Global
Strategy on Digital Health 2020-2024”, which is cur-
rently open for public consultation (April 2019) [32].

Conclusion
This review highlights the benefits of mobile apps for
clinical decision support in pregnancy and potential bar-
riers to implementation, but reveals a lack of rigorous
reporting of evaluation of their use and data security.
This situation may change, however, following the issue
of FDA and MHRA guidelines and implementation of
UK government and other international strategies. Over-
all, the findings suggest that ease of use, portability and
multi-functionality make mobile apps for clinical deci-
sion support in pregnancy useful and acceptable tools
for clinicians.
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