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Abstract

Mobile applications (apps) for self-management of diseases 
such as diabetes and for general well-being, including keeping 
track of food, diet, and exercise, are widely available.
However, consumers face a flood of new mobile apps in the
app stores and have no guidance from clinicians about
choosing the appropriate app. As much as clinicians would 
like to support a patient-centered approach and promote 
health and wellness mobile apps, they may be unable to 
provide advice due to the lack of comprehensive and reliable 
app reviews. This research reviewed a selection of health and 
wellness mobile apps suitable for the self-management of 
gestational diabetes mellitus (GDM). A prototype of an 
ecosystem that integrated the data generated by the apps was 
built and its usefulness and ease of use were evaluated. The 
results show that the ecosystem can provide support for GDM 
self-management by sharing health and wellness data across 
the diabetes clinic. 
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Introduction and Background

In recent years the Diabetes Clinic at Auckland Hospital has 
had an overwhelming number of female patients with 
gestational diabetes mellitus (GDM) [1]. The traditional 
method of manually recording blood glucose readings and 
maintaining a food diary is not efficient when compared to the 
telehealth technologies available today. For example, women 
are given glucometers and asked to check their blood glucose 
readings at least four times a day. The glucometer readings 
can be downloaded to a computer. Newer glucometers can 
download the glucometer readings to a smart phone using near 
field communication (NFC).

The currently available mobile applications (apps) for self-
managing blood glucose and diet present another possibility. 
Although women mostly maintain their food diaries on paper, 
some women prefer to save them electronically in a 
spreadsheet and are familiar with mobile apps that monitor 
exercise and calorie intake. However, the clinicians at the 
clinic had not trialed the mobile apps that may be suitable for 
GDM self-management. They were not sure which health and 
wellness apps may be appropriate and felt they were slow in 
adopting the new technology. This study describes the 
development of an extensible “ecosystem” of mobile apps that 
supports GDM self-management by integrating patient data 
exported by the apps into the ecosystems’ database. Clinicians 
can use the ecosystem to recommend a suitable app (or apps) 
to their patients  and review the shared data in a clinical 

context. More specifically, the research focuses on the app 
selection process and on the evaluation of the ecosystem’s 
usefulness and ease of use.

Health and Wellness Mobile Apps

There are around 8000 health and wellness mobile apps for 
managing exercise, healthy living, weight loss, and chronic 
diseases, available on the two dominant smart phone platforms 
iPhone and Android [2]. In addition to blood glucose and 
weight tracking, the common set of functionalities include 
insulin and carbohydrate tracking, exercise tracking, 
maintaining a food diary supported by an internal food 
database, and the ability to share wellness data electronically 
[3, 4]. For example, My Meal Mate is a smart phone app that 
allows users to save favorite food combinations and recently 
logged food entries and to take photographs of food for 
memory recall [5]. Other useful functionalities include 
displaying a graph of calories consumed daily and showing the 
results of the analyses of important macronutrients. In a pilot 
randomized controlled trial for weight loss it was observed 
that My Meal Mate had a greater acceptance and satisfaction
rating compared to traditional interventions such as using 
paper based food diaries or online weight loss programs [6].

Mobile App Selection Criteria

It may be difficult for consumers to identify the most suitable 
app.  They can consider the set of features identified above or 
refer to a review such as Hickman and Elsworthy’s [7]. These 
authors identify the advantages and disadvantages of health 
related mobile apps based on a comparison across a range of 
criteria including cost, app rating by the public, exercise and 
food data functionality, the ability to share information on 
social networks, and compatibility with various mobile phone 
models.  However, such reviews quickly become outdated as 
new and improved apps are added to the app stores. 

The number of downloads and installations of an app gives a 
measure of its popularity. This indicator may be considered as 
a useful selection criterion, especially if coupled with 
checking the app reviews published on the app store web site. 
However, these reviews are not professional and may lack 
credibility.

For some consumer categories, interface usability may be a 
very important aspect of the app’s functionality. For example, 
apps designed for the elderly should have a minimized set of 
functionalities [8, 9]. The interface should be self-explanatory 
and convenient to interact with, such as the large buttons used 
in the eCAALYX (Enhanced Complete Ambient Assisted 
Living Experiment) app for older people suffering from 
chronic diseases [8]. Unfortunately, not all app reviews 

U U

MEDINFO 2017: Precision Healthcare through Informatics
A.V. Gundlapalli et al. (Eds.)

© 2017 International Medical Informatics Association (IMIA) and IOS Press.
This article is published online with Open Access by IOS Press and distributed under the terms

of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/978-1-61499-830-3-188

188



consider usability features [10]. Similarly, reviews rarely 
consider the possibility of integrating patient managed data 
with electronic health records. Ultimately, consumers have to 
rely on their own judgement in order to identify, trial, and
adopt a suitable app.

Sharing Health and Wellness Data with Clinicians

Most commercially available health and wellness mobile apps 
have a provision to share generated data by email. A clinician 
can review the electronically shared data during a subsequent
consultation with their patient. However, the data are not 
readily preserved and stored for future consultations, 
especially with other clinicians. In followup consultations, the 
physician, the nurse, or the dietician will have no access to the 
regular updates provided by the app. Hence, it is desirable to 
store patient managed health and wellness data in a central 
system accessible to all members of the clinical team. For 
example, the free to download iPhone app Easy Diet Diary 
allows for sharing data with a dietician provided that the 
dietician has purchased a license for Foodworks, a nutrient 
analysis software [11]. Easy Diet Diary uses food databases 
specific to Australia and New Zealand. 

Exporting patient managed data to a proprietary database does 
not allow patients the flexibility to select the app of their 
choice. Furthermore, it may be convenient for patients to 
manage multiple health conditions through one health and 
wellness mobile app. Unfortunately, clinical trials and reviews 
of commercially available apps provide limited evidence about  
integrating health and wellness data with clinical systems.

This research set out to create a prototype of an ecosystem of 
mobile apps and devices that can be used  to support  GDM 
self-management. The system accepts, stores, and integrates 
shared health and wellness data from the ecosystem’s 
components and makes them available to clinicians to search 
and review (Figure 1). The study addresses the following two 
research questions related to the design and implementation of 
the ecosystem:

RQ1. What are clinician criteria for including health and 
wellness apps in the ecosystem?

RQ2. What are the perceived usefulness and the perceived 
ease of use of the ecosystem?

Figure 1 - An Ecosystem Integrating Health and Wellness 
Data

Method

A user-centered design approach towards the development of 
the ecosystem prototype was chosen as it needed to meet the 
requirements of its potential users, i.e., the clinicians treating 
women with GDM at the Diabetes Clinic and their patients. 
Information about the functional requirements and the data 
elements needed to build the ecosystem was obtained from 
physicians, obstetricians, dieticians, and midwives who 

reviewed and evaluated mobile apps with food diary and 
exercise logging functionalities. Data were gathered through 
open-ended interviews [12]. The data were analyzed 
qualitatively in order to identify clinician criteria.

Participants

Two dieticians, a midwife, an obstetrician, and a physician 
participated in an initial mobile app evaluation round that
aimed to extract design requirements. The ecosystem 
prototype was evaluated for its perceived usefulness and ease 
of use by the initial five participants, by five other clinicians
from the same clinic, and by five patients (women with 
GDM). No real patient data were stored in the prototype.

Prototype Development

The ecosystem prototype was developed in stages with 
feedback sought from clinicians. The first round of interviews 
(with five clinicians) contributed to formulating the user 
requirements of the prototype. Clinicians were periodically 
emailed a stakeholder consultation document that provided 
details about the prototype as it was developed. This approach 
was chosen because clinician availability was limited, making 
focus group meetings difficult to organize and convene.

The stakeholder consultation document contained descriptions 
of the low fidelity prototype interfaces, the navigation 
features, and the prototype data elements necessary for GDM 
self-management. It also included a review of health and 
wellness apps that could potentially be added to the 
ecosystem. The clinicians trialed the apps specified in the 
document and provided feedback in a continuous dialogue 
conducted through email, text messages, and phone calls. As 
the research progressed, other mobile apps were suggested by 
the participants and more were also discovered by the 
researchers.

Results

The stakeholder document initially included samples of the 
data exported from five health and wellness mobile apps 
selected by the researchers: My Meal Mate, Glucose Buddy, 
On Track, Doctor Diet, and Microsoft HealthVault. Sending 
the initial stakeholder document to clinicians started the 
process of iteratively and interactively capturing and refining 
the clinician criteria. Three selection criteria were used. First, 
all apps needed to support food diary and exercise 
functionality. Second, all apps needed to allow data sharing 
with third parties. Third, based on findings that cost was a 
significant factor influencing consumer’s choice of a mobile 
app, [13] only free to download apps were considered.

Table 1 shows a summary of the properties of the first five 
health and wellness mobile apps reviewed by the research 
participants. All apps supported food diary functionality while 
four apps supported exercise tracking. However, the absence 
of a food database, as  in the case of the apps OnTrack and 
Glucose Buddy, would make data entry rather difficult (and 
potentially inaccurate) as patients would have to fill in all food 
details.  

Four of the apps provided options for exporting data that could 
be shared with clinicians. The app My Meal Mate did not have 
a data sharing option. However, the food and exercise data 
were stored in the user’s mobile phone in a SQLite database. 
A reverse engineering process that used the app’s internal food 
database allowed for extraction of data about food and 
exercise that could be integrated in the ecosystem and shared 
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with clinicians. The data also provided nutrient information 
about the food consumed. However, the app’s food database 
and nutrient profiles were specific to branded food items 
found in UK supermarkets and not relevant to New Zealand 
app users.

Table 1 - Health and Wellness Mobile App Review

App
Food 
diary Exercise

Export 
data to 
clinician

Data 
Format

My Meal 
Mate 

Yes Yes No SQLite

Glucose 
Buddy 

Yes Yes Yes CSV

OnTrack Yes Yes Yes XML
Doctor 
Diet 

Yes No Yes CSV, 
pdf 
report

Microsoft 
Health
Vault

Yes Yes Yes CSV

Microsoft HealthVault was available as an app for iPhone, but 
there was no equivalent suitable for Android phones. By 
default, the apps’ capability to share data about food details 
with a clinician or a friend was limited. The settings can be 
changed to allow greater food data sharing. However, the 
process is not user friendly; it may be difficult for an ordinary 
user to perform the manipulation. 

A drawback of the Doctor Diet app was that it focused on food 
and diet only. Users would have to install another app in order 
to record exercise.

The app Easy Diet Diary was added to the ecosystem in a 
subsequent stakeholder document. It features an easy to enter 
food dairy interface and supports extracting data for later 
integration within the ecosystem. However, as already 
mentioned, a clinician would need to purchase a license for the  
Foodworks app, in order to enable data sharing.

Clinician Criteria

Clinicians reviewed the apps’ properties and functionalities.
Their views and opinions were used to derive a set of criteria 
that mobile health and wellness apps needed to meet in order 
to be considered for inclusion in the ecosystem.

First, in order to be relevant to GDM self-management, the 
app needed to provide data about both physical activity and 
food intake, and also data about glucose level and treatment.
Clinician 4
Reflects physical activity and food diary together with 
treatment and dosage and sugar level.
Second, it was established that a mere calculation of the 
calories consumed by the patient was not sufficient as the 
intention of the app user, in this case, was not to lose weight 
but to manage their diet in order to control GDM. The type of 
food, its description, and portion size were important 
indications that needed to be captured, especially for dieticians 
and midwives. Such data would help clinicians support 
women with GDM to interpret glucose readings and manage
insulin dosage.
Clinician 1
Yes, it is including pretty much everything that you want to 
know about: blood glucose, food diary, exercise. Calories will 
not tell you what you have eaten. Need to choose apps which 

are usable. You need app(s) which get the calories, 
carbohydrate breakdown, protein and fat.

However, an app’s capability to record carbohydrate content 
or  carbohydrate counting was not critical as most women had 
GDM only during pregnancy. Furthermore, such patients may 
not have the carbohydrate counting skills  commonly acquired 
by women with ongoing Type 1 diabetes. Therefore, the clinic 
had to develop a different approach when consulting women 
with GDM. In general, apps focusing on healthy lifestyle 
support would be suitable and more appropriate for women 
with GDM.
Clinician 3
Wellness data is representative. Easy to compare food diary, 
exercise, insulin dosage in comparison with blood glucose.

Only two apps, Glucose Buddy and On Track, satisfied all
requirements. These apps allowed food description with 
portion size, which was required by dieticians and midwives.
Thus, the ecosystem that was built following the initial 
requirement analysis included obtaining and integrating
patient health and wellness data generated by Glucose Buddy 
and On Track. The blood glucose readings from the 
glucometer were also integrated into the prototype.

Ecosystem Usefulness and Ease of Use

The data extracted from the apps and available in the 
prototype’s database were reviewed by participants in order to 
obtain further insights into the suitability of the apps. It was 
found that the perceived usefulness of the ecosystem was 
directly related to the perceived usefulness of the data 
provided by the mobile apps. 

Clinicians reviewing the ecosystem found it useful as it 
succeeded in bringing together, in a single report, data from 
blood glucose readings, the food diary, and the exercise 
tracking. 

Most of the women with GDM who participated in the 
research had experience using mobile apps, for example 
managing their diet, weight, and exercise (step counter). 
However, they were not knowledgeable about mobile apps 
that may be suitable for GDM self-management. After 
reviewing the mobile apps included in the ecosystem, women 
with GDM became interested in using them.  They were 
enthusiastic about sharing their wellness data with clinicians 
as it would help them self-manage the condition, benefiting
their own health and that of their babies.
Patient 1
(I would) absolutely use it and comfortable to share the data 
with clinician if suitable apps are available.
Both clinicians and women with GDM found the prototype 
easy to use as completing a task did not require going through 
many screen interfaces. For example, viewing a combined
report about a food diary, blood glucose readings, exercise,
and insulin dosage required, in most cases, one screen. 

Most women preferred to log their food entries electronically 
rather than maintain a paper based record. However, training 
may be required for some, such as first time smart phone 
owners. Similarly, clinicians were confident they would learn 
to use the system as it resembled other hospital systems and 
would be used often (each time a patient visited the clinic).
The study findings about the dimensions of perceived 
usefulness and ease of use of the ecosystem are presented in 
Table 2.

It took almost a year to gather the initial requirements, build 
the prototype, and  review the ecosystem. At the end of the 
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process, most women visiting the clinic owned smart phones 
and were aware of or were already using health and wellness 
mobile apps. They often asked  clinicians to recommend a 
suitable  app. This highlighted yet again the usefulness of the 
ecosystem and the need to encourage and stimulate the
adoption of the new technology by clinicians. 

Table 2 - Ecosystem usefulness and ease of use

Variable Study Findings
Perceived 
Usefulness

� Sharing patient data with the 
clinician team

� Combining data from various 
sources

� Empowering patients in self-
management

� Helping in food recall
� Remotely managing patients
� Reducing cost

Perceived 
Ease of Use

� Condensing data in one screen
� Relevant information in one screen
� Easy navigation
� Existing experience with 

/awareness of mobile apps
� Minimal training required

Extending the Ecosystem

Data interoperability was achieved by mapping the schema of 
the data coming from a mobile app to the target database in the 
ecosystem. The ecosystem design allowed the easy inclusion 
of new apps. Patient participants identified new apps that 
could be added to the ecosystem in order to increase its scope,  
e.g., MyFitnessPal and mySugr. Both  apps were free to 
download and available for the most popular smart phones, 
iPhone and Android. Data generated by the apps could be 
shared by email.

mySugr had the option to export data in CSV format and could 
be easily incorporated in the ecosystem, thus extending its 
range of available apps. MyFitnessPal had the option to 
generate a report in pdf format. The “premium” (paid for) 
version of MyFitnessPal allowed sharing collected data with 
other partnering vendors such as FitBit and JawBone using a 
private application program interface (API). Although not 
useful for users with a non-premium account, MyFitnessPal is 
very popular. If its owners add the data sharing feature to the 
free version, adding the app to the ecosystem may be 
considered. 

Another potential extension was the already assessed Easy 
Diet Diary app. It exports data to a proprietary nutrition 
database (Foodworks). However, its usefulness is rather 
limited as it is available for iPhone only.

Reviews about health and wellness mobile apps by members 
of the health care community provided a useful means for 
identifying more apps that could potentially be added to the 
ecosystem. For example, a group of dieticians from various 
hospitals and clinics review apps suitable for self-management 
of chronic diseases and general well-being. The reviews are 
published in a web portal accessible to the general public [14]. 
The reviews consider apps from different user perspectives 
(i.e., clinician or patient) and also from a technical 
perspective. The web site contains a list of mobile apps 
supporting healthy living and managing food, diet, and 
exercise. The list includes the already mentioned 
MyFitnessPal and mySugr, and also a paid app called Glooko. 

In order to be able to integrate shared data from Glooko in to a 
central database, the clinic would also need to  purchase a 
license. However, clinics with limited funding may not be able 
to invest in adding paid apps to the ecosystem unless the 
benefits in terms of self-management interventions and health 
outcomes are shown to be of much higher value compared to 
free apps with similar functional capabilities.

Overall, the prototype showed that an extensible ecosystem of
mobile apps suitable for the self-management of GDM can be 
successfully set up. To support privacy protection, the 
ecosystem facilitated patient access to their health and 
wellness data while clinicians had to be authorized by patients 
in order to access their data. Such practices are recommended 
by researchers [15, 16].

Discussion

The ecosystem described above helped demonstrate the 
potential of using mobile apps in the self-management of 
GDM. New and improved apps may evolve. With appropriate
clinician approval and evaluation, these may be ready for 
integration into the ecosystem. Evaluation criteria can be 
developed using the required app features (Table 1) and the 
usefulness and ease of use dimensions identified in the 
research (Table 2). 

The selected Android and iPhone apps had the capability of 
exporting data in various formats, either shared through an 
email or saved in a cloud database. In the first version of the 
prototype, clinicians suggested that they should upload patient 
data to the ecosystem’s database themselves. They did not 
trust the accuracy of the data created by patients and wanted to 
review them first. Clinicians preferred receiving data through 
email. In most cases, data in formats such as CSV and XML 
would open easily without installing additional software. 
However, the next step (integrating the data in the prototype’s 
database manually) appeared to be an additional workload for 
clinicians, especially for midwives who met women with 
GDM on a regular basis. 

Manually managing each patient’s file is not an efficient 
method of exchanging health data. There is evidence of better 
health outcomes when patients are involved in the self-
management of their own diseases [17, 18]. Patients should be 
trusted to upload their own wellness data into the prototype 
accurately, even if patient generated health data are somewhat 
dissimilar to data captured by clinicians and stored in 
conventional health information systems. Sharing patient 
generated data across the clinic is beneficial as it helps
clinicians keep track of their patients’ progress remotely and 
in a cost efficient manner.

Data entry and exporting data from mobile apps to another 
system is not yet automated and seamless. However, existing
APIs have the potential to share patient generated health and 
wellness data from participating mobile apps and sensor 
devices, thus enabling the creation of an app ecosystem. Data 
interoperability is achieved as APIs “know” the source and 
target data schema. However, it can be expected that future 
mobile apps will have an API capability of transparently 
sharing data with other systems. For example, several major 
commercially available wearable tracking devices for step 
counting, sleep, and heart beat monitoring already support 
sharing data with other apps. 

Although data interoperability was achieved by mapping data 
from mobile apps to the target prototype’s database, semantic
interoperability is still an issue. Clinical standards such as 
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SNOMED CT, HL7 and the recently introduced draft version 
of FHIR do not have the provision to include patient generated 
health and wellness data.

Conclusion

An ecosystem of mobile apps for GDM self-management was 
set up for patients seen in Diabetes Clinic at Auckland 
Hospital. Clinicians reviewed the requirements of the 
ecosystem through a continuous dialogue and discussion by 
email, phone conversations, and interviews. The review 
process helped formulate app selection criteria and identify the 
usefulness and ease of use dimensions of the ecosystem. The 
women with GDM who participated in the research were 
confident that the use of these new technologies would help 
them.

Promoting health information exchange and system 
interoperability is a prime objective of the “meaningful use” 
data sharing framework [19].   Despite potential changes in 
this, it is likely that in the future, services allowing secure, 
accurate, and timely health data exchange between consumer-
focused systems will be available through APIs. This study 
contributes to the body of knowledge in the area of electronic 
sharing of health and wellness data from consumer wellness 
systems in order to improve the quality of health care and 
involve citizens as active participants in the health care 
process.
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