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ABSTRACT
Introduction: The promotion of a healthy diet,
physical activity and measurement of blood glucose
levels are essential components in the care for women
with gestational diabetes mellitus (GDM). Smartphones
offer a new way to promote health behaviour. The main
aim is to investigate if the use of the Pregnant+ app, in
addition to standard care, results in better blood
glucose levels compared with current standard care
only, for women with GDM.
Methods and analysis: This randomised controlled
trial will include 230 pregnant women with GDM
followed up at 5 outpatient departments (OPD) in the
greater Oslo Region. Women with a 2-hour oral
glucose tolerance test (OGTT) ≥9 mmol/L, who own a
smartphone, understand Norwegian, Urdu or Somali
and are <33 weeks pregnant, are invited. The
intervention group receives the Pregnant+ app and
standard care. The control group receives standard
care only. Block randomisation is performed
electronically. Data are collected using self-reported
questionnaires and hospital records. Data will be
analysed according to the intention-to-treat principle.
Groups will be compared using linear regression for
the main outcome and χ2 test for categorical data and
Student’s t-test or Mann-Whitney-Wilcoxon test for
skewed distribution. The main outcome is the glucose
level measured at the 2-hour OGTT 3 months
postpartum. Secondary outcomes are a change in
health behaviour and knowledge about GDM, quality of
life, birth weight, mode of delivery and complications
for mother and child.
Ethics and dissemination: The study is exempt
from regional ethics review due to its nature of quality
improvement in patient care. Our study has been
approved by the Norwegian Social Science Data
Services and the patient privacy protections boards
governing over the recruitment sites. Findings will be
presented in peer-reviewed journals and at
conferences.
Trial registration number: NCT02588729,
Post-results.

INTRODUCTION
Gestational diabetes mellitus (GDM),
defined as glucose intolerance first identified
in pregnancy, is an increasing problem
among pregnant women worldwide.1 The
prevalence is ranging from 1.7% to 20%
depending on diagnosis criteria and popula-
tion characteristics.1 On the basis of cases
reported to the Norwegian Medical Birth
Registry (NMBR), the prevalence of GDM in
Norway is ∼2%.2 However, in a cohort study
where all pregnant women were screened for
GDM, the prevalence was 13% overall, with
11% in ethnic Norwegians and 14.6% in
groups of non-European origin.3 It is there-
fore likely that GDM is underdiagnosed in
the general population.
The majority of pregnant women with

GDM recover from their glucose intolerance
once the pregnancy is over.4 However,
research suggests that a history of GDM
increases the risk for developing type 2 dia-
betes mellitus (T2DM) later in life.5 6

Well-known risk factors for GDM include
maternal obesity, advanced maternal age,

Strengths and limitations of this study

▪ Tailored health information through the Pregnant
+ app in Norwegian, Urdu or Somali for women
with gestational diabetes mellitus.

▪ Automatic transfer of blood glucose levels from
the glucometer to the app via Bluetooth Low
Energy.

▪ Privacy protection of participants’ information
through local storage instead of cloud service.

▪ No blinding of participants, staff and researchers
but blinding of those analysing samples and the
statistician.
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ethnicity, family history of diabetes and a previous
history of GDM.5 7 8 Women with GDM have an
increased risk for pre-eclampsia, induction of labour,
birth injuries, postpartum haemorrhage and caesarean
section.9 GDM increases the infant’s risk of macrosomia,
birth injuries, neonatal hypoglycaemia and stillbirth.8 9

In addition, the Hyperglycaemia and Adverse
Pregnancy Outcome study (HAPO) suggests an
increased risk of adverse maternal and infant outcomes
with increasing levels of hyperglycaemia.10

In Norway, pregnant women with a 2-hour oral
glucose tolerance test (OGTT) ≥9 mmol/L receive add-
itional healthcare at a specialised Outpatient
Department (OPD).11 New national Norwegian diabetic
guidelines are being developed and expected to be
implemented by 2017. Current care in Norway includes
giving information about a healthy diet, physical activity
and monitoring of blood glucose levels and observing
the fetus through cardiotocography (CTG) and ultra-
sound.12 Health information is commonly given verbally,
often accompanied by leaflets. Anecdotal evidence indi-
cates that information on non-western food items in dif-
ferent languages is limited.
During the restricted time of clinic visits, information

about healthy eating and physical activity competes with
other components of care and other information.
Health information via an app is easily and constantly
available. Automatic transfer of blood glucose measure-
ments to the app provides a novel way to monitor blood
glucose levels. Nearly 80% of the adult population in
Norway has a smartphone.13 Pregnant women are mostly
young adults who are familiar with the use of electronic
devices such as smartphones.
In a previous review of health behaviour interventions

and use of apps, the authors found that apps are highly
accepted by mobile phone users and may be a suitable
way of providing health interventions. Even though pre-
vious smartphone-based randomised controlled trials
(RCTs) show promising results for the self-management
of diabetes and lifestyle factors,14 15 more research is
needed to define the exact efficacy of apps on health
outcomes.16

Since the prevalence of GDM is higher among certain
groups of women from Asia and Africa compared with
Norwegians, health information needs to be culture-
sensitive, easy understandable and meet the individual’s
needs.3 17–19 A systematic review indicated better blood
sugar control with culturally tailored counselling to
ethnic minority patients with diabetes compared with
standard care.20

We have developed an app for women with GDM, the
Pregnancy+ app.21 This app is available in Norwegian,
Urdu and Somali and consist of linguistically and cultur-
ally adapted information. These two groups of
non-Western immigrants in Norway, Pakistani and
Somali were selected due to their high number of
annual births and high risk for GDM.3 17 The Pregnant+
app automatically transfers blood glucose measurements

to the smartphone and provides a graphic overview indi-
cating if the levels are satisfactory. Additionally, the app
provides information about a healthy diet and physical
activity. Our Pregnant+ app is meant for daily use by
women, and not solely during consultation with health
professionals.
The main aim of the study is to assess whether the use

of the Pregnancy+ app in addition to standard care
results in better glucose levels at routine OGTT,
3 months postpartum, compared with standard care
only. Secondary outcomes are birth weight, mode of
delivery and complications for mother and child.

METHODS
Study design
We will perform a multicentre RCT. This protocol
includes the elements elaborated in the SPIRIT
(Standard Protocol Items: Recommendations for
Interventional Trials) checklist.22 We recruit women
attending the diabetic OPD at the Oslo University
Hospital, Vestre Viken Hospital Trust and Akershus
University Hospital. Study design and data collection are
shown in the flow chart (figure 1).

Participants, recruitment and blinding
Midwives and general practitioners refer pregnant
women with recognised risk factors for GDM to a 2-hour
OGTT at weeks 24–28 of gestation. On the basis of
results of the OGTT, women are referred to the special-
ist diabetic OPD at the hospital. Participants in this

Figure 1 Design of the randomised controlled trial.
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study are selected among these referred women. The
inclusion and the exclusion criteria for the participants
are provided in table 1.
We aim to recruit in total 230 women with GDM in the

study. Women who decline to participate in this study are
asked about their reason for declining. Answering
options are: moving during pregnancy, no interest in the
study, too time-consuming or other reasons.
The hospital staff at the OPD hand out the informa-

tion brochure about the study and subsequently invite
women to participate. This information brochure is
included in the online supplementary material. Women
who agree to participate sign two consent forms, one
copy for themselves and one for the study administra-
tion. The consent form is included in the online
supplementary material. Once written consent is
obtained, questionnaire 1 (Q1) is filled out on an elec-
tronic tablet at the hospital. After completion of Q1, a
computer-based program randomly allocates women to
either receive access to the app and standard care or the
group with standard care only. Randomisation is on a
1:1 basis with balanced variable blocks of 4. Women and
the staff at the OPD were not blinded to the allocation.
However, the staff analysing the blood samples will not
be aware of which group the women belong to and
neither will the staff providing care during labour. The
statistician performing the analysis for the main
outcome will be blinded to the allocation of the women
until the data are analysed and primary results for the
intervention group and control group are available.
Standard care consists of information about a healthy

diet, including limitation of sugar-rich products, increase
in the amount of whole grain and vegetables and fre-
quent small meals. The midwives and the diabetic nurse
give standard care during the consultations. Pregnant
women with GDM are advised to be regularly physically
active during pregnancy. They are taught how to
perform measures with the glucometer. Regular ultra-
sound and CTG are part of standard care for women
with GDM.

The intervention with the Pregnant+ app
Our intervention consists of an app for pregnant
women, the Pregnant+ app. The detailed development

of the app is described in a previous publication.21 The
Pregnant+ app aims to give women tailored information
to support their management of GDM by adapted
dietary intake and physical activity and feedback on
blood glucose levels. The development of the Pregnant+
app was guided by the theory of the Health Belief
Model (HBM). The HBM emphasises that the awareness
of risk factors and perceived health benefits are essential
components in behaviour change.23 The HBM has previ-
ously been used in a pregnant population to promote
health benefits during pregnancy.24

The app contains four main icons: Blood glucose, Food
and beverages, Physical activity and Diabetes information.21

Women can automatically (via Bluetooth Low Energy
(BLE)) or manually transfer the blood glucose values
from the glucometer to the smartphone. When choos-
ing the icon Blood glucose, the real-time blood glucose
values appear in a graph and a green or red smiley indi-
cates a good or too high blood glucose level, respect-
ively. Pregnant women have the opportunity to print the
blood glucose values at the hospital and to discuss them
with the healthcare providers. The icon Food and
beverages gives women general and culturally tailored
information about healthy food choices. In our app,
women can select a Norwegian, Somali or Pakistani food
culture, also demonstrated by pictures. The Pregnant+
app has an approved link to food recipes from The
Norwegian Diabetes Foundation. The icon Physical activ-
ity gives women suggestions for physical activity, the
opportunity to register them and write down personal
goals.
Diabetes information consists of a diabetic lexicon, a fre-

quently asked questions section (FAQ) and general
information on GDM and its treatment. The participants
in the intervention group can download the Pregnant+
app at the hospital or at home. Women in the standard
group may also download the Pregnant+ app but will
only get access to a very limited version, with a link to
the official websites of The Norwegian Directorate of
Health and Norwegian Diabetes Foundation.
The Wireless Network and Information Security

Group in Norway has contributed to the development of
the Pregnant+ app ensuring users’ privacy. All the infor-
mation on the smartphone is stored on the pregnant
women’s smartphone and not in a cloud.

The feasibility study
From April 2015 to July 2015, we performed a feasibility
study at all five recruitment sites. The main aim of the
feasibility study was to experience the speed of the
recruitment, test of technical equipment like the blood
sugar glucometer, the ability to answer the question-
naires on an iPad and the time used for including the
women at the OPD. The feasibility study allowed us to
improve some of the technical support needed for the
study and implement recruitment routines at the hospi-
tals. To increase the recruitment rate, we changed the
inclusion criteria for participation from <32 to 33 weeks

Table 1 The inclusion and the exclusion criteria for the

study population

Inclusion criteria Exclusion criteria

<33 weeks pregnant Diabetes Type 1 or 2

A 2-hour OGTT ≥9 mmol/L Twin pregnancy

Above 18 years old Lactose and gluten

intolerance

Owns a smartphone

(iPhone or Android)

Understands Norwegian,

Urdu or Somali
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and decided to also include women with previous GDM.
The experiences from the feasibility study allow us to
inform women more correctly about the average time
required to fill out the questionnaires.

Outcome measurements
Primary outcome
The primary outcome of this study is the 2-hour blood
glucose level measured at the routine OGTT (75 g) per-
formed approx. 3 months postpartum.

Secondary outcomes and data collection
The secondary outcomes include a change in diet
and physical activity from baseline to 36 weeks of gesta-
tion as measured by a modification of the Fit for
Delivery questionnaire and the Pregnancy Physical
Activity Questionnaire (PPAQ).25 26 Quality of life will be
measured by a short version of the Edinburgh Postnatal
Depression Scale (EDS-5) and health-related quality of
life (EQ-5D-SL) during pregnancy and postpartum.27 In
addition, we will measure women’s knowledge of dia-
betes and one of the secondary outcomes is the blood
glucose levels during pregnancy. We collect the blood
glucose levels during pregnancy, not via the app but
through questionnaire 2 and from the medical records
registered at OPD visits. The main reason for not collect-
ing these values via the app is due to the privacy
concern and that the data from the control group are
not available via the app. Other secondary outcomes are
maternal complications during pregnancy and at birth
such as: pre-eclampsia defined as raised blood pressure of
≥140/90 and significant proteinuria, induction of labour
including prostaglandin, artificial rupture of membranes
and oxytocin, operative instrumental birth defined as
forceps, vacuum extraction, elective and emergency cae-
sarean section, third and/or fourth degree sphincter
rupture according to the national delivery ICD-10 code
and postpartum haemorrhage defined as vaginal bleed-
ing ≥500 and ≥1000 mL.28 Newborn health is measured
by Apgar score <7 at 5 min, birth weight measured in
grams, transfer to intensive care within 3 hours of birth
and exclusive breast feeding at discharge.
To estimate the cost-effectiveness of the intervention,

we will do a patient-level cost-utility analysis.29 30 Health
benefit will be measured by using health-related quality
of life (EQ-5D-SL) during pregnancy and postpartum.
To estimate costs, we collect data regarding changes in

resources used in the health sector, time used for the
intervention among women, expenses for the women
and sick leave. The resource use related to the health
sector will be based on data from the questionnaire
(number of visits to maternity ward, GP, health centre,
hospitals for treatments, etc) and literature. Time used
on the intervention will be calculated by estimating the
time used by the pregnant women to learn how to use
of the app and time spent by the health professionals to
teach them. Out-of-pocket expenses for the women will
mainly be estimated by the travel cost related to handing

over the app and training in the use of this. To estimate
sick leave, we use the data from the questionnaire. The
unit costs will mainly be based on marked prices, the
reimbursement systems in Norway and the literature.
The results will be reported as incremental cost-

effectiveness ratios and its CI, scatter plot in the cost-
effectiveness plane and cost-effectiveness acceptability
curves.31 32 Additionally, we will perform sensitivity ana-
lysis for changes in unit cost.
Background variables such as civil status, age, income,

weight prior to pregnancy (also collected through three
questionnaires), education and mother tongue will be
collected at baseline. The first and the second question-
naires, before 33 weeks and at 36 weeks, respectively, are
filled out using an electronic tablet at the OPD. The
third questionnaire is filled out at ∼3 months post-
partum, via a link to a web page.
From the medical records, we collect the following

data: blood glucose levels, complication during preg-
nancy and mode of delivery.
Participants’ and health professionals’ experiences

with study participation will be evaluated in qualitative
studies.

Sample size calculation
Sample size calculation is based on the following
assumptions: power of 80%, a significance level of 5%
and allowing for an attrition rate of 25%. A total of 230
participants, 115 participants per group, are required to
detect a 10% difference between the intervention and
control group, based on the assumption that the inter-
vention group has a 2-hour glucose level at 3 months
postpartum of 7.5 mmol/L (SD of 1.8 mmol/L). This
power calculation was based on the results from several
other RCT studies, investigating the effect of lifestyle
changes to prevent T2DM.33–35 With a participation rate
of 75%, it will take ∼20 months to recruit 230 women.

Data analysis
Data will be analysed according to the intention-to-treat
principle. Primary outcome: glucose level as a continu-
ous variable. This outcome will be analysed using linear
regression with glucose as the dependent variable and
type of intervention (intervention vs controls) as the
independent variable. Further, the model will be
adjusted for possible confounders as age and ethnicity.
In addition, glucose levels will be dichotomised as

normal versus high and this outcome will be modelled
using logistic regression.
Secondary outcomes included blood glucose levels

during pregnancy taken from the medical records.
These will be examined in the same way as the primary
outcome.
Other secondary outcomes are women’s knowledge of

diabetes. For each correct answer, the responder will be
given a score. The total sum will be computed and
recorded at two time points, one before and the other
after the delivery. Changes over time and between
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groups (intervention vs controls) will be modelled using
mixed models for repeated measurements. Age and eth-
nicity will be included as fixed factors and thus con-
trolled for as possible confounders.
Finally, the number of women with complications in

both groups will be computed and the proportion will
be compared using χ2 test. The scales for dietary habits
and physical activity will be analysed as indicated by the
authors.25 26

The main outcome is 2-hour blood glucose level mea-
sured as a continuous variable ∼3 months postpartum,
using linear regression.
Crude differences between groups (intervention vs

control) will be assessed using χ2 test for categorical
data. Continuous data will be analysed using the t-test
(when normally distributed) or Mann-Whitney-Wilcoxon
test (when the distribution is skewed). Additionally,
glucose levels will be dichotomised and logistic regres-
sion models used. The results will be expressed as ORs.
All statistical models will be adjusted for ethnicity
(Norwegian, Pakistani and Somali) as a possible
confounder.
Descriptive statistics will be used to present the

characteristics of the intervention and control group,
providing frequencies (numbers) and proportion (per-
centages) for categorical variables. Continuous variables
will be described with mean and SD. Missing data in this
study will not be replaced.
Analyses will be performed using SPSS statistics V.22.0

(IBM SPSS Statistics for Windows, IBM Corp., Armonk,
New York, USA) and Stata V.9.

Adverse events
The Pregnant+ app is additional to standard care. The
app was developed together with healthcare providers
from each of the recruitment sites and with user involve-
ment.21 The healthcare providers approved the content
which is largely in agreement with their local recom-
mendations as national guidelines are under develop-
ment. We therefore consider the risk of potential
adverse events as minimal. If a woman loses her smart-
phone, the blood glucose values are still stored in the
glucometer. The software of the app was regularly
updated to be in line with new versions of mobile oper-
ating systems. However, we assume that these software
updates will not affect the usage of the app.
All participants will be under close medical observa-

tion at their hospital. Events of harms can therefore be
detected at an early stage and relevant care will be
given.
In the feasibility study, we tested the glucometer,

Diamond Mini, model DM30b from FORA and com-
pared it with hospital measurements and found a good
agreement between the measured levels. Any harmful
events occurring will be reported by the project leader
to the leader of the Department of Nursing and Health
Promotion at Oslo and Akershus University College of
Applied Sciences, who is responsible for the study.

Harmful events and the appropriate response to these
will in addition be discussed within the research group.

Data management
Data from this study will be stored encrypted on an elec-
tronic server at the University Graduate Centre at
Kjeller, Norway. The data from the glucometer, personal
goals and notes registered in the Pregnant+ app will be
on women’s smartphones only. These data are not col-
lected for the study. All the data will be treated anonym-
ously. App usage data are collected, with specific
information about the clicks per page and the duration
of the visit of each page. Data from the medical records
will be collected by the hospital staff and noted down on
an outcome form. The written consent forms, together
with the outcome forms, will initially be stored in a
locked cupboard at the hospital and then be transferred
by a PhD student to the Oslo and Akershus University
College of Applied Sciences where they will again be
stored in a locked cupboard. The personal data which
identify the women will be deleted in the beginning of
2018, but anonymised information will be used for
follow-up studies, depending on future funding.

Dissemination
In our study, we will follow the Word Medical Association
Declaration of Helsinki (http://www.wma.net).36

Women meeting the inclusion criteria will be informed
that neither the decision to participate nor declining to
participate will influence their care. Participation is vol-
untary and women can withdraw whenever they like.
Hospital staff have been made aware of this. The inter-
vention, the Pregnant+ app, is a non-invasive method.
The FORA Diamond Mini glucometer is used in this
study and has ISO certificate approval. The glucometer
has a BLE function allowing automatic transfer of blood
glucose levels from the device to the smartphone.
This study has been considered by the Norwegian

Regional Committees for Medical and Medical Health
Research Ethics, REK and by the Norwegian Social
Science Data Services and the patient privacy protec-
tions boards governing over the recruitment sites.
Important modifications to the protocol are updated

on the ClinicalTrials.gov website and disseminated to all
relevant parties. We have a contractual agreement with
key collaborators determining access to trial data and
authorship.

Data services
Sensitive information such as: participant’s name,
project ID-number, phone number, country of birth
from The Recruitment form and information from the
medical records are stored in a locked cupboard at the
hospitals. Everybody involved in recruitment at each hos-
pital has signed a confidentiality form.
Results from the study will be presented in scientific

journals and at national and international congresses.
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DISCUSSION
There is vast evidence that GDM is associated with detri-
mental effects for the health of pregnant women and
their offspring.8 9 In addition, the HAPO study showed
an increased risk of adverse maternal and infant out-
comes with increasing levels of hyperglycaemia.10 Thus,
all efforts preventing hyperglycaemia during pregnancy
are important.
Essential elements of GDM treatment are improve-

ment in diet and increased physical activity. Health pro-
fessionals constantly search for better ways of
encouraging healthy behaviour. Since verbal information
may be easily forgotten and leaflets can be lost, the use
of apps in health interventions appears appropriate.16 37

Compared with leaflets and verbal information, apps are
more flexible and have more variable modes of communi-
cation (text, pictures, sound, interactivity) and functionality
(response on blood sugar levels). The Pregnant+ app
includes information about a healthy diet, physical activity
and gestational diabetes, which is always near at hand on
the woman’s smartphone. One important component of
the Pregnant+ app is the automatic transfer of the blood
glucose values from the glucometer to the smartphone.
The blood glucose values are visually presented in either a
graph or a table. This overview and information if the
blood glucose values are too high allows women to gain
better control over their blood glucose levels.21 In add-
ition, the availability of essential information on GDM, hos-
pital routine and relevant phone numbers may decrease
worries, distress and hospital visits.
We developed the Pregnant+ app in Norwegian and sub-

sequently translated and customised it for women speak-
ing Somali or Urdu, as they are among the identified risk
groups.3 12 The Pregnant+ app was developed for everyday
use and may be used during consultations, for example, to
refer to blood glucose levels or advice given.21

Although most of the women with GDM recover from
the condition after birth, several studies have shown an
increased risk of developing type 2 later in life.38

Research suggests that pregnant women with the highest
blood glucose levels during pregnancy have the highest
risk of developing type 2 diabetes in the future.38

Therefore, strategic interventions to reduce hypergly-
caemia for women with GDM may prevent T2DM
among women with GDM or recent GDM.5 A recently
published article demonstrated that a smartphone with
an interactive blood-glucose-management was conveni-
ent and acceptable for women with GDM.39 In another
study with a smartphone application for GDM, the
authors found the app to be useful in managing GDM.40

Women adopting a healthy lifestyle will positively influ-
ence their health during pregnancy and later in life.
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