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Objectives: The MobiGuide project aimed to establish a ubiquitous, user-friendly, patient-centered
mobile decision-support system for patients and for their care providers, based on the continuous
application of clinical guidelines and on semantically integrated electronic health records. Patients
would be empowered by the system, which would enable them to lead their normal daily lives in their
regular environment, while feeling safe, because their health state would be continuously monitored
using mobile sensors and self-reporting of symptoms. When conditions occur that require medical
attention, patients would be notified as to what they need to do, based on evidence-based guidelines,
while their medical team would be informed appropriately, in parallel. We wanted to assess the system’s
feasibility and potential effects on patients and care providers in two different clinical domains.
Materials and Methods: We describe MobiGuide’s architecture, which embodies these objectives.
Our novel methodologies include a ubiquitous architecture, encompassing a knowledge elicitation
process for parallel coordinated workflows for patients and care providers; the customization of
computer-interpretable guidelines (CIGs) by secondary contexts affecting remote management and
distributed decision-making; a mechanism for episodic, on demand projection of the relevant portions
of CIGs from a centralized, backend decision-support system (DSS), to a local, mobile DSS, which
continuously delivers the actual recommendations to the patient; shared decision-making that embodies
patient preferences; semantic data integration; and patient and care provider notification services.
MobiGuide has been implemented and assessed in a preliminary fashion in two domains: atrial
fibrillation (AF), and gestational diabetes Mellitus (GDM). Ten AF patients used the AF MobiGuide
system in Italy and 19 GDM patients used the GDM MobiGuide system in Spain. The evaluation of the
MobiGuide system focused on patient and care providers’ compliance to CIG recommendations and
their satisfaction and quality of life.

Results: Our evaluation has demonstrated the system’s capability for supporting distributed decision-
making and its use by patients and clinicians. The results show that compliance of GDM patients to the
most important monitoring targets — blood glucose levels (performance of four measurements a day:
0.87+0.11; measurement according to the recommended frequency of every day or twice a week:
0.99+0.03), ketonuria (0.98+0.03), and blood pressure (0.82+0.24) - was high in most GDM patients,

while compliance of AF patients to the most important targets was quite high, considering the required



ECG measurements (0.65+0.28) and blood-pressure measurements (0.75+1.33). This outcome was
viewed by the clinicians as a major potential benefit of the system, and the patients have demonstrated
that they are capable of self-monitoring — something that they had not experienced before. In addition,
the system caused the clinicians managing the AF patients to change their diagnosis and subsequent
treatment for two of the ten AF patients, and caused the clinicians managing the GDM patients to start
insulin therapy earlier in two of the 19 patients, based on system’s recommendations. Based on the end-
of-study questionnaires, the sense of safety that the system has provided to the patients was its greatest
asset. Analysis of the patients’ quality of life (QoL) questionnaires for the AF patients was inconclusive,
because while most patients reported an improvement in their quality of life in the EuroQoL
guestionnaire, most AF patients reported a deterioration in the AFEQT questionnaire.

Discussion: Feasibility and some of the potential benefits of an evidence-based distributed patient-
guidance system were demonstrated in both clinical domains. The potential application of MobiGuide
to other medical domains is supported by its standards-based patient health record with multiple
electronic medical record linking capabilities, generic data insertion methods, generic medical
knowledge representation and application methods, and the ability to communicate with a wide range
of sensors. Future larger scale evaluations can assess the impact of such a system on clinical outcomes.
Conclusion: MobiGuide’s feasibility was demonstrated by a working prototype for the AF and GDM
domains, which is usable by patients and clinicians, achieving high compliance to self-measurement

recommendations, while enhancing the satisfaction of patients and care providers.

Keywords: Computer-interpretable clinical guidelines; clinical decision-support systems; patient

guidance system, mobile health



1. INTRODUCTION

In the modern era, an increasing number of patients want to play an active role in their own health care;
they want to be informed, seek information on their own, and be involved in decisions regarding their
health. As one of the leaders of patient empowerment, cancer survivor Dave deBronkart, known as “e-
Patient Dave”, has said in his book “Let Patients Help” [1], there should be a partnership between the
patients and their medical professionals. Empowerment occurs when healthcare professionals increase
the capacity of patients to think critically and make autonomous, informed decision, such as make self-
selected changes related to weight, nutrition, and physical activity, as part of a diabetes education [2],
which increases their compliance and the chance that their health will improve or be maintained without
unnecessary risks. Following this movement, developers of healthcare IT systems are developing more
and more systems that are used directly by patients [3][4].

Aujoulat et al. [5] explain that when patient empowerment is seen from the point of view of the
provider—patient interaction, empowerment is considered as a process of communication and education
in which knowledge, values, and power are shared. From the point of view of the patient, empowerment
is a process of personal transformation, in which the patient develops general psychosocial skills of
self-efficacy and attitudes toward his chronic condition. In the empowerment process, patients take
control and responsibility for the successful management of their disease [6].

Kuijpers et al. [7] reviewed the literature regarding interactive Web-based interventions, focusing on
interventions aimed at increasing patient empowerment and physical activity for various chronic
conditions. They found that commonly used interventions included education, self-monitoring,
feedback/tailored information, self-management training, personal exercise program, and
communication (e.g., chat, email, patient portals) with either health care providers or patients.

Internationally, there has been a rise in the number of health information systems and technologies that

AF — atrial fibrillation; CIG — computer interpretable clinical guidelines; DSS — decision support
system; EHR - electronic health record; GDM — gestational diabetes mellitus; mDSS — mobile
DSS;PHR — personal health record;



are being developed to support patient care. Borycki etal. [8] note that the amount of health information
available on the World Wide Web and the use of mobile phone software to support consumer health
behaviors and self-management of chronic illnesses have grown, but they note the need to maintain the
safety of these applications.

A promising instrument for increasing the quality of care, limiting unjustified practice variation and
saving costs are clinical practice guidelines (CPGs) [9]. Formalizing them as computer-interpretable
guidelines (CIGs) [10] makes it possible to develop decision-support systems (DSSs) through
application of these formalized models to patient data. In this way, patient-specific advice is provided
at the point of care, increasing the chance of impacting clinician behavior compared to using only the
narrative CPGs [11]. Traditionally, CIG-based DSSs have been developed for care providers; hence,
although they have provided support for patient-centered care, they have not been used to empower
patients.

Our multi-national research group integrates multiple types of clinical decision-support expertise, from
informatics professionals, including experts on CIGs and tele-monitoring applications, through clinical-
domain experts, to a patient advocacy group. At an early phase, we had understood that what chronic
patients (or patients with conditions lasting for at least several months, such as pregnancy) really want
is to lead their normal daily lives in their normal environment, while feeling safe because their health
state is being continuously monitored. When conditions occur that require medical attention, they want
to be notified at real time as to what they need to do, founded on evidence-based guidelines, while their
medical team should be informed appropriately in parallel. From this understanding emerged the vision

of the MobiGuide Project: “Guiding Patients Any Time, Everywhere” (http://www.mobiguide-

project.eu/). MobiGuide is a large-scale integrated project in the Seventh Framework Programme (FP7)
of the European Union.

The MobiGuide patient guidance system [12] includes a ubiquitous, distributed, and personalized DSS
based on evidence-based CIGs [10], which is used by patients and their care providers. Rather than
invite patients to clinics for long monitoring sessions, we provide them with a body area network of

mobile sensors (e.g., ECG, blood pressure (BP), blood glucose (BG), physical activity sensors) and a
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smart phone, from which, assisted by a network of decision-support servers, the patients receive
decision-support services.

The overall objectives of the MobiGuide system and the means for achieving them are briefly reviewed
at the beginning of the Methods section.

The specific objective of this paper is to evaluate whether the initial deployment of the MobiGuide
system, for two very different clinical domains, each within a different European nation, has achieved
three main important outcomes: (2) high patients’ and care providers’ compliance to clinical-guideline
based monitoring reminders and recommendations, (b) high patients and care providers’ satisfaction,

and (c) increased patients’ quality of life.

2. Material and Methods
We shall start by reviewing the architecture of the MobiGuide system, the implementation of that
system as evaluated in this study, and the study populations. The methodology for the personalization

of the therapy for each patient was evaluated in a different study [13].

2.1.  The MobiGuide System

MobiGuide is a remote chronic-patient management system that has five main objectives:

(1) increasing patient safety and quality of care through provision of personalized ubiquitous decision-
support to the patients, by considering their preferences and their psychosocial and demographic
context, to empower the patients and increase their compliance. To support this objective, contexts that
are relevant to a patient-centered mobile DSS, and respective recommendations for them, are added to
the formalized CIGs during a customization step [14]. During the first encounter of the patient with her
care-provider, CIG personalization occurs when they define which specific events or concepts in the
patient’s life might induce any of the pre-defined CIG-customized contexts;

(2) semantic data integration into a personal health record (PHR), to allow the DSS system to uniformly
access data from multiple sources, including electronic health records (EHRS), sensor data, patient-
reported symptoms, and abstractions and recommendations output by the DSS;

(3) creation of a generic architecture [12][14] that supports interoperation with a variety of portable

sensors, and different hospital EHRs in different clinical domains, and which includes patients and



clinicians as users (who have respective user interfaces). Our decision-support services [11] include
traditional services such as Knowledge Services that connect the DSS to the CIG knowledge base, Data
Services which are used to retrieve the data from the PHR, Data Analysis Services, which are used to
analyze temporal patterns, and Logging Services, to store the DSS trace. We also added several novel
services in addition to those identified in [11], such as: 1) Signal Processing Services to analyze the
data coming from sensors; 2) Shared Decision Services to support a shared decision by the physician
and the patient; 3) Compliance Checking Services (part of the data analysis) to retrieve the patients'
responses to the DSS recommendations; and 4) Knowledge to Data Mapping Services [15] which map
CIG knowledge to PHR data;

(4) distribution of the decision support, between a mobile DSS (mDSS) that runs on the patient’s smart
phone and a backend DSS that is accessible via the Internet by the patients’ care providers: to enhance
efficiency and self-sufficiency, we want much of the DSS’s computation to be local to each patient,
based only on that patient’s data; on the other hand, we wish to preserve the ability to maintain a large-
scale evidence-based knowledge base that is relevant to all patients, and the ability to refer to each
patient’s historical electronic medical record. The backend DSS can also call a decision-tree module for
shared decision-making, which determine a global preference of a particular CIG branch.

The backend DSS consists of the PICARD CIG application engine [16][17] and the temporal-
abstraction mediator [18] which mediates queries regarding the patient’s time-oriented data or their
abstractions, between PICARD and the PHR. The Backend DSS has access to the full knowledge base
of CIGs and to the complete, historical PHR [19]. Based on the current state of the patient and of the
system (e.g., battery level, bandwidth), the Backend DSS projects [20][21] an appropriate part of its
knowledge, using a specially developed generic projection language, to the mDSS, which can then
deliver decision-support to the patient even when there is no connectivity to the internet, based on
projected knowledge, the sensor data, the patient’s preferences and daily schedule (e.g., meal times,
reminder times), and data entered by the patient himself;

(5) performance of intelligent data analysis, to discover clinical data patterns in individual patients, thus

providing additional decision-support.



The MobiGuide system can act in one of two modes to provide guidance whenever needed: interactive,

or user-initiated mode (when a session with the DSS is initiated by a user (whether patient or care

provider) during patient-provider encounters), and proactive, or system-initiated mode (when alarming

situations are detected by the system, and it sends messages to the patient and his/her care providers).

The MobiGuide system meets these objectives and harnesses its technology to support patient-

empowering functionality, summarized in Table 1.

Table 1. Patient-empowering innovative functionalities supported by the MobiGuide system

Functionality

Supported by

Example

1. Personalized decision support to patients

Customization and
personalization of CIGs

Specification, Customization,
Personalization, and Application (SCPA)
process [14]

Dynamic Induction Relations of Contexts
(i.e., induction relation between an event and
the context that it induces) are a part of the
dynamic temporal interpretation contexts
theory [22], which is one component of the
knowledge-based temporal-abstraction
method [23]

MobiGuide’s temporal-abstraction mediator
[18] uses this abstraction method to interpret
longitudinal patient raw data as clinically
meaningful concepts and patterns.

Personal induction relations, local and global
patient preferences, are stored within the
patient’s PHR. This allows the MobiGuide
DSS to apply the CIGs to a patient in a
personalized way

Formal specification of the CIG as two
parallel, though interleaved, workflows
[24][25], one for patients and one for care
providers, using a formal CIG modeling
language [10].

Examples of CIG-customized context include
different monitoring schedule during vacation,
or a temporary lack of support from family
members.

During personalization, the personal event
“attending a party” might induce for a
particular patient, within one hour, the “high
carbohydrate consumption” context, and last
for two hours.

The CIG structure includes local preferences
(e.g., patient’s meal schedule that determines
reminders for BG measurements) and global
preferences (i.e., a choice of a major branch in
the clinical algorithm)

Patients are being
monitored when clinically
indicated

CIG contains monitoring plans specifying
frequency of measuring. Care provider can
prescribe such plans for his/her patients

Monitoring BG, ketonuria, and BP are
mandatory for GDM patients. ECG is
mandatory for AF patients and optional
monitoring of BP, weight, INR, and physical
activity could be prescribed

Measurement reminders
sent at personalized times

After personalization is done by the
physician at patient enrollment,
measurement schedules customized for a
particular context are enforced by the mDSS
accordingly

Reminder to measure BG level 1 hour after
breakfast is sent 10 minutes (time gap set by
patient) before 9 am (as patient set her
preferred breakfast time on week days to be 8
am)

Patient personalized
events induce CIG context
changes

During enrollment, the care provider links
patient personal events to CIG-customized
contexts. The patient can set a current

For Maria, the event of reporting about taking
a vacation induces the context of semi-routine
schedule during the vacation’s period,




context, upon which Backend DSS is
notified and activates the relevant plan
which is projected to the mDSS

resulting in the activation of a plan with two
(rather than one) daily BP measurements

Shared decision-making
between the care provider
and patient

Care providers invoke the shared decision-
making module to elicit patient’s personal
utilities for different health states which may
result from treatment [26][27][28]. The most
suitable option for the patient is
recommended. The doctor can then select

that option, storing it in the PHR

One decision tree compares the options of
Warfarin, Aspirin, or Dabigatran. The shared
decision-making module allows elicitation of
personalized utility coefficients and calculates
which treatment has highest quality-adjusted
life years

2. Semantically-integrated

and secure Personal Health Record (PHR)

Integration of data from
different sources and of
different types

DSS recommendations, temporal
abstractions (interpretations of raw, time-
stamped data) detected in the PHR data,
patterns found in sensor data, and data
entered by patients or physicians is
integrated into the PHR

DSS recommendations include medications
and monitoring prescriptions

Data entered by patients includes weight
measurements, reported symptoms, etc.

Data entered by clinicians: acceptance of
proposed DSS recommendations

Standard data models are
used for data integration

The PHR is modeled through the HL7’s
virtual medical record [29] standard.

This enables the system’s components (e.g.,
the DSS, the patient GUI) to use generic data
insertion methods [19] in order to insert data
into the PHR according to the HL7 virtual
medical record structure.

ObservationResult is used to store monitoring
and patient-reported data, such as increased
consumption of carbohydrates.
ProcedureProposal stores recommendations
delivered from the DSS to clinicians and
ProcedureOrders are stored and delivered to
patients after clinicians’ agree to proposals

Subscription/natification
for detected data patterns

The PHR includes notification services that
allow subscribed system components to
respond to events that are represented by
particular data insertions [30], thus
supporting the DSSs’ proactive mode.

In the example above, the DSS subscribes to be
notified when the care providers accepts or
denies the recommendation from the DSS

The patient and care|Recommendations suggested to the care[Recommendations for patients include
providers view patient-|provider by Backend DSS via the care|reminders for  drugs, exercise and
specific CIG|provider GUI are saved in the PHR and can|measurements, ECG monitoring when
recommendations be accepted by clinicians. Recommendations|symptoms are entered, re-entry of low quality
that the mDSS initiated directly are also|measurements.
saved in the PHR Recommendations for care providers include
starting insulin, cardioversion advice, etc.
The patient and care|Monitoring data, and in the case of|e.g., weight, exercise done by the patient, BG
provider GUIs allow|continuously monitored data - their|data, ketonuria reported by patients, etc.

viewing recorded patient
data

abstractions, sent from the sensors to the
smart phone via Bluetooth connection that
are saved in the PHR, measurements,
symptoms and context changes reported by
the patient

Patients may report their
symptoms to the DSS

Patients use their GUI to report symptoms,
which are saved in the integrated PHR

AF patients may report symptoms such as
unacceptable level of palpitation; GDM
patients may report eating too many
carbohydrates in a particular meal

Establishing high quality
of data

The Quality of DataBroker, within the
mDSS, has device performance-related

Quality of Data thresholds are defined for all
numeric data that may be entered manually,




knowledge (e.g. normal ranges) and if it
detects performance disruptions; it assigns
them metadata of low quality of data and
triggers data reentry requests

such as weight, and sensor data which by
default are entered automatically via Bluetooth
connection, such as heart rate

Maintenance of patient
privacy and security &
awareness

Privacy by design is achieved by separating
data from identifiable information both in
the PHR and in the mobile. Authentication
and authorization mechanisms are used;
awareness services allow patients to see who
viewed their data

Multi-factor authentication, secure, auditable
access to data complying with data protection
requirements. Single component (PIl hub)
storing all patient identifiers in a secure,
centralized hub which is logically and
physically separated from the clinical data.
Enhanced levels of trust from users by
perception of security and privacy features

3. Generic patient-centered architecture, interoperable with different sensors and EHRs

The architecture has six
high-level functional
components

Including (a) interfaces to hospital EMRs,
Patients, and Clinicians, (b) CIG knowledge
base, (c) Distributed DSS, (d) Body Area
Network (consisting of wearable sensors,
signal analysis algorithm, a Quality of Data
Brokering component a mobile DSS
(mDSS), and a mobile device with the
patient GUI), (e) semantically-integrated
PHR, and (f) security and privacy
functionalities.

the
other

Ability to apply
architecture  to
clinical domains

The system was developed in a generic way
such that new CPGs, EMRs, and sensors
could be used

The same architecture was used to support
atrial fibrillation patients and providers in Italy
and gestational diabetes patients in Spain. The
AF patients used mobile ECG sensors and the
GDM patients used mobile glucose meters and
BP meters.

4. A distributed and coordi

nated DSS

Allowing ubiquitous
decision-support

The mDSS is coordinated with the Backend
DSS by the projection mechanism, and can
operate also independently when there is no
Internet connectivity. In cases of low quality
of service, functionality can be delegated to
other components or sessions postponed

When the battery is low the AF patient is
advised via the Quality of Data Broker to
charge the ECG sensor and delay exercise so
that his safety can be achieved through
monitoring.

The backend DSS controls which relevant
care plans are projected to the mDSS

The mDSS enacts proposed plans at specific
times, in accordance with the patient’s
preferences and daily routine, as entered into
the mDSS by the patient

Embedded within each projection is a special
“Callback” temporal pattern that the mDSS
keeps monitoring for, which signals the
mDSS that there is a need for seeking
additional assistance from Backend DSS.

A pattern such as two episodes of positive
ketonuria within one week, may signal a
callback. When the mDSS detects the Callback
pattern in the patient data, it initiates a
CallBack action to the Backend DSS. Backend
DSS then sends a new projection to the mDSS
to halt the existing monitoring plan of two
measurement reminders for Ketonuria per
week, and activates the daily monitoring plan.

5. Intelligent data analysis for discovering clinical data patterns in individual patients for purposes of decision-support




Patient safety

Important interval-based temporal patterns
in the data, requiring attention, are detected
by the temporal Mediator according to CIG
declarative knowledge and saved in the
PHR, resulting in proactive advice delivered
to patients and care providers

2 BG values > 140 mg/dL in the past week
notify care provider to consider insulin and
patient to see her doctor.

Detected AF episodes are reported to the
physician in daily reports. The doctor can
decide whether to intensify treatment

The temporal Mediator subscribes to receive | See also example above
notifications from the PHR when a temporal
pattern is detected as soon as the last data
item completing the pattern arrives

AF events are detected locally at the mDSS,
by the AF detection algorithm

2.2.  The MobiGuide implementation evaluated in this study and the study population
We implemented the MobiGuide system in two clinical domains: GDM (with and without hypertension)
and AF, relying on clinical practice guidelines [31][32][33][34] and customizing them to psychosocial
context of patients and to the technological context of the MobiGuide system.

The AF and GDM domains vary in terms of intensity of monitoring: more intense monitoring of ECG
in AF (daily sessions of 30 minutes) relative to measuring up to four discrete measurements a day of
BG for GDM. Both the ECG monitor and the glucose meter had a Bluetooth connection to the smart
phone. The data from the phone was downloaded to the PHR on the backend when Internet connection
was available; patients were advised to download data daily for the AF domain and at least every 3 days
in the GDM domain.

In the AF domain, some patients were prescribed additional optional monitoring, including BP, INR for
patients taking anticoagulants, weight and exercise. BP, INR, and weight measurements were entered
manually by the patients. The Quality of Data Broker component of the MobiGuide system checked all
of the manually entered data to ensure they were reliable, good quality measures. The prescribed
frequency of measurement depended on patient context, as shown in Table 2. Patients could choose to
turn off measurement or medication reminders for a given context but ECG reminders were always
delivered. Medication reminders were delivered for all medications that the patient was taking,
including those for comorbidities. A patient could either accept the reminder, indicating that he took

the medication, or report non-compliance and select the reason for non-compliance.




In the GDM domain, in addition to measuring their BG via the glucose meter, all patients were required

to measure ketonuria in the urine and manually record the results in the app and to measure BP with a

sphygmomanometer connected with Bluetooth to the smart phone twice a week. The patients could also

manually enter BP measurements if they chose to do so. Physical activity monitored via the MobiGuide

system could be suggested to patients. If the Bruce protocol (a test for evaluating cardiac function in

exercising patients) has been executed for a patient, the necessary data for monitoring the exercise (e.g.,

upper threshold for heart rate) were already in the PHR. If not, they were to be entered at the moment

of the exercise prescription. However, in our study, clinicians had not prescribed exercise monitoring

for any of their patients.

All of the monitoring plans (in AF and GDM) were part of the CIGs.

Table 2. Monitored concepts (raw or abstract) in different contexts for the AF and GDM domains

Context | Monitored concept | Monitoring frequency
AF
Routine (Regular physical | ECG 1/day for 30 minutes
exercise) BP l/day for hypertensive patients
(going down to 2/week if BP values
are good for one week)
1/week for non-hypertensive
INR 1/(2week)
Weight 1/week
Exercise Depending on patient

Medication non compliance

As prescribed

Semi routine (Regular physical
exercise)

BP

2/day for hypertensive patients
1/week for non-hypertensive

All other concepts

As in routine context

Doctor wants close monitoring

ECG monitoring freq

Wear 24 h, 3 days a week

All other concepts

As in semi-routine context

Excessive physical exercise

ECG monitoring freq

2/day for 30 minutes

(risk of AF events) All other concepts As in semi-routine context
GDM
Regular BG 4/day, daily

Ketonuria 1/day

BP 2/week

Weight 1/week

Exercise Depending on patient
Good BG values for a month BG 4/day, twice a week
Negative ketonuria for 2 weeks Ketonuria 2/week
Good BP values for 2 weeks BP 1/week




The study involved ten AF patients from IRCCS Foundation “Salvatore Maugeri”, Pavia, Italy and
twenty gestational GDM patients from Parc Tauli Sabadell University Hospital, Sabadell, Spain. The
study began on April 1, 2015 and ended on December 31, 2015. One of the GDM patients dropped out
after one week. Informed consent was obtained from patients and authorization was obtained from the
ethical committees of the hospitals for experimentation with human subjects. As a control group for
GDM, we referred to data from a historical group of 247 patients, similar in characteristics, who had
been followed up during 2010-2013 at the same GDM clinic [35].

The patient user populations for the two clinical domains were different: pregnant women, 35 years of
age, who are more educated and use computers and smart phones more than the older AF patients.
The CIGs created for these two domains, as well as the DSS module that is mostly used to control
decision-support and interplay between the centralized and the local DSS modules are significantly
different. The most significant difference is that the GDM CIG includes much more interaction between
the mDSS and Backend DSS (which reflects the higher level of involvement of the Backend DSS in
decision support) and contains more temporal patient data patterns that are being monitored by the
system relative to the AF CIG. On the other hand, context changes affect the AF monitoring plans more
than just changing reminder times.

Another difference is that the AF CIG also contains three decision-support modules for the care
provider: cardioversion advice, shared decision-making for anticoagulation therapy and shared decision
making for ablation vs. anti-arrhythmic drug treatment. Shared decision-making is not represented as
an Asbru CIG but as decision trees.

Table 3 shows the description of the key monitored temporal patterns in the two CIGs and the
consequent plan activation or notification. The notifying agent documents the notification in the PHR.
The complete list of patterns and notifications (recommendations) is provided in [36]. As shown in
Table 3, most of the plans concern patient monitoring. Table 3 also shows the cardioversion plans that

support the care provider.



Table 3. Monitored patterns and plan activation or notification in the GDM and AF CIGs

Monitored pattern

Notification (recommendation) / Plan activation

GDM

2 abnormally-high BG values in a

week

Patient notification: “Your last BG measurements weren’t so good — you
should visit your doctor in the next few days”; Care provider notification:

“Consider starting insulin treatment”

High BG values measured by

glucose meter

Question delivered to patient: “There are some high BG values, did you
eat more than you should have?”. If answer is yes, and no previous
notification was sent to the care provider then notification to care provider:
“Change nutritional prescription”; if care provider was notified previously

the new notification is “Consider starting insulin treatment”

Four weeks of good glycemia

control

Plan activation: Switch from daily BG schedule (of four measurements a

day) to twice a week (of four measurements a day)

Positive ketonuria

Question to patient: “Have you been eating your prescribed amount of
carbohydrates?”. If answer is yes, and no previous notification was sent
then notify to patient: “Ketonuria has been positive; please increase your
carbohydrates bedtime by 1 unit (10 grams)”. If previous notification was
sent then patient is notified “Ketonuria has been positive again. You
should visit your doctor in the next few days” and doctor is notified“A

meeting should be scheduled with the patient to balance diet”

Two weeks of negative ketonuria

Plan activation: Switch from daily ketonuria schedule to twice a week

Two weeks of good BP

Plan activation: Switch from twice a week BP schedule to once a week

Change of context

Plan activation: change personal reminders timing. This change does not

affect monitoring plans

AF

Doctor changed prescription

Plan activation: change personal reminders

Time to remind about taking

medications

Notification sent to patient: please take your medication (name of

medication)

Patient reported an AF symptom

Notification (recommendation) sent to patient: please start a 30 minute

ECG monitoring session

Patient has scheduled an event at

risk for bleeding

Notification (recommendation) sent to patient: “Talk to your doctor to
agree on the anticoagulation therapy management if the appointment for

the risky procedure you will undergo in 5 days is confirmed”

Context switch to routine

schedule in hypertensive patient

Plan activation: Switch to measuring BP once a day for hypertensive

patients

Context switch to semi-routine

schedule in hypertensive patient

Plan activation: Switch to measuring BP twice a day for hypertensive

patients

Switch to excessive physical
exercise context

Plan activation: Switch to 2 daily 30-minute ECG monitoring sessions




Switch to close monitoring

context

Plan activation:; Switch to 24-hour ECG monitoring

Hypertensive patient in routine
had 2

abnormal BP values

context consecutive

Plan activation: Switch to measuring BP once a day

Hypertensive patient in routine
context had only normal BP

values for one week

Plan activation: Switch to measuring BP twice a week

Doctor activated cardioversion

advice

*Class ranges from | (benefits
much greater than risks) to Ill

(risks much greater than benefits)

Level is a measure of the
supporting scientific evidence
(A>B>C)

Notifications sent to care provider:
Electrical cardioversion is contraindicated in patients with digitalis
toxicity or hypokalemia. (Class Ill, Level C)*; Cardioversion is

recommended in patients without hemodynamic instability when
symptoms of AF are unacceptable to the patient. In case of early relapse
of AF after cardioversion, repeated direct-current cardioversion attempts
may be made following administration of antiarrhythmic medication
(Class 1, Level C); Direct-current cardioversion can be useful to restore
sinus rhythm as part of a long-term management strategy for patients with
AF (Class lla, Level B); Before initiating antiarrhythmic drugs, treatment
of precipitating or reversible causes of AF is recommended (Class I, Level

C); Keep taking Oral Anticoagulant Therapy up to 3 weeks in preparation

to cardioversion

2.3. Methods for assessing compliance of users to clinical guidelines
Clinical guidelines based recommendations to patients consisted of reminders for monitoring and taking

medications as well as decision-support recommendations.

Assessment of compliance to monitoring prescriptions

We assessed the compliance (i.e., the proportion of measurements that had been performed by the
patient) for those patients who were prescribed to monitor measurements. For AF patients, this included
ECG sessions lasting at least 20 minutes, BP, INR, and weight. For GDM patients on the MobiGuide
group, this included BG, ketonuria, and BP. For the historical cohort of GDM patients, this included
compliance to BG measurements. In addition, physical activity monitoring and weight measurement

was recommended for GDM patients, but not prescribed. We also assessed the amount of medication



non-compliance reported by AF patients, assuming that if the patient clicked to confirm that he had
taken the medication, this was a true report. We performed the analysis separately for periods of time
in which the patient changed context for AF patients or the monitoring plan was changed for GDM
patients.

To assess compliance to monitoring, we calculated for each patient the actual number of measurements
done per monitoring period (day, week, or two weeks) with the planned number of measurements for
that period, according to the monitoring plan (see Table 2). Then we divided the number of
measurements per period by the total planned number of measurements. Finally, we took the mean of

the individual compliance of all patients.

Aggregation of clinical parameter values that were monitored by the cohorts of patients

We also report aggregated results of the clinical parameters that were monitored (e.g., BP, BG) for the
whole period of monitoring. We report the mean of all of the patients’ mean values in order to give each
patient the same weight. This is because patients had different number of measurements and we do not

want to give patients with more measurements a higher weight.

Assessment of compliance to ECG monitoring as a function of trigger type

However, in our analysis of the effect of the different types of ECG triggers, we considered all ECG
monitoring sessions from all of the patients together because we wanted to assess the correlation
between the proportion of positive AF episodes detected and the different triggers for measuring the
ECG: a scheduled reminder vs. a patient-initiated monitoring vs. a response to a system
recommendation to measure ECG because an AF symptom had been reported by the patient. The values
that we report from these measurements are the ratio of ECG sessions in which the algorithm has
detected AF for at least 10% of the session. In our analysis of the proportion of AF positive sessions we
excluded one patient (patient #9) who had permanent AF and skewed the results because obviously all
of the ECGs measured by this patient were AF positive.

To assess the compliance to ECG monitoring that was initiated by patients’ symptom reporting, we

checked (a) that at least one of the following symptoms had a value different form ‘absent’: palpitations,



dyspnea, fatigue, lightheadedness, symptomatic hypotension, polyuria, syncope, chest pain; (b) that the
monitoring session started within 20 minutes from the reported symptom, and that it lasted at least 20
minutes; (c) in addition, we interpolated between symptoms that were spaced up to an hour apart,
assuming that they were all related to the same episode and thus a single symptom-triggered ECG
monitoring session was indicated.

It should be noted that our cardiologist has examined in detail 24 ECG strips from six patients with
positive and negative occurrences of AF (according to the AF algorithm). He has determined both the
sensitivity and specificity to be around 0.64..

We used two-tailed proportion test to test the difference between compliance of patients to system-
initiated routine reminders and to system-initiated triggers in response to patient’s symptom reporting.
The same test was used to test the difference in the proportion of AF+ episodes detected in ECG sessions
that were initiated by patients, system-initiated triggers in response to patient’s symptom reporting, or

system-initiated routine reminders measurements.

Compliance assessment for BG monitoring by GDM patients

To assess compliance of GDM patients with BG monitoring, two aspects were considered: a) the
number of daily measurements done by the patient (which were always prescribed to be four) and b)
compliance to measure according to frequency of the active monitoring plan (e.g., twice a week or

daily).

Comparison of the GDM cohort to a historical GDM cohort

We compared the MobiGuide’s cohort of 19 GDM patients to that of a similar historical cohort of 247
patients, which was managed using the standard GDM clinic routine. Characteristics at diagnosis time,
compliance to BG monitoring, the patient’s metabolic and BP status, and pregnancy outcomes were

collected from both cohorts (See Table 6).

Unlike the MobiGuide patients who received four reminders for BG measurements on each day that

they should have measured BG, the historical cohort patients were told that they should be measuring



at least 5 BG measurements a day. Therefore, compliance for the historical cohort was calculated by
counting the number of BG measurements for each patient divided by the number of days that the
patient was instructed to measure her BG. We therefore calculated a similar BG compliance for the
MobiGuide patients, different than the two compliance measures described in the subsection above

(compliance to 4 measurements a day and compliance to the recommended measuring frequency).

We used the t-statistic to assess whether the means of the two populations were significantly different

in any of the parameters measured.

Assessment of compliance to DSS recommendations

We assessed the compliance of users (patients and care providers) to DSS recommendations by
analyzing the PHR data, and the log files of Backend DSS and the smart phones. For each user we
tracked the number of different recommendations delivered and followed. From it, we calculated the
compliance, by considering the response to a clinical recommendation type from all of the patients
together.

Different types of recommendations were delivered.

DSS recommendations to patients

Patient received clinical recommendations/notifications (see examples in Table 3), questions to clarify
their state in order to make specific recommendations (as shown in tables 4-5), and technical
recommendations. Technical recommendations included invitation to re-enter measurement values
when their quality of data was low, notification that ECG monitoring sessions were shorter than the
recommended 30 minutes, and recommendation to charge the phone or sensors. Technical
recommendations were not saved in the PHR, hence our analysis of compliance considered only clinical
recommendations and question answering.

The number of clinical recommendations delivered to each patient was not high, and we wanted to
assess the response to all of the recommendations, where each recommendation is equally important,

rather than calculate the mean of mean patient values.



DSS recommendations to clinicians

Care providers received only clinical recommendations.

AF clinicians received two types of clinical recommendations in their GUI: cardioversion advice, and
ECG summaries. For each ECG session, a summary report was generated, which included six data
elements, ordered by date: start and end time of the ECG session, percentage of time spent in AF (more
precisely, in irregular heartbeat), minimum, maximum and mean heart rate registered during the
recording. The PHR stores data regarding how many times the clinicians viewed the ECG summaries,
even if we have no indication of which specific reports were inspected. In addition, the AF nurse
accessed each ECG strip generated for all patients. But this was done using a desktop application for
which we do not have log files, so results are presented based on the nurse’ self-reporting.

GDM clinicians received recommendations related to starting insulin and changing a patient’s diet

based on BG and ketonuria results.

2.4. Methods for assessing patient and care provider satisfaction
Analysis of the users' interaction with the MobiGuide system is reported elsewhere [13]. Some of the
results that pertain only to the patients’ satisfaction are also reported in that study.
Patient and care provider satisfaction was assessed by two different end-of-study questionnaires using

a set of questions (see Appendix B) to which users replied on a standard Likert scale of 1-5.

2.5. Methods for assessing enhancement in quality of life of AF patients
Two questionnaires were used to assess the quality of life of the AF patients: EuroQoL and AFEQT.
The validated EuroQoL 5D-5L questionnaire (http://www.eurogol.org/) contains five questions for
assessing on a scale of 1-5 the impairment in mobility, ability to perform self-care, carry out the usual
activities, degree of pain/discomfort, level of anxiety/depression. A lower score for each of the five
concepts identifies less impairment. From those scores, a utility coefficient may be calculated, ranging
from 0 to 1. The questionnaire also contain a visual analogue scale in which the patient evaluates his

overall quality of life on a scale of 0-100.



The EuroQoL questionnaire was administered to AF patients before- and, periodically, during-the-use
of MobiGuide. We present results of the questionnaires administered at the beginning and at the end of
the study. The post analysis was made using the recent questionnaire(s) filled in by the patient using
the smart phone. There was a case of one patient (patient 7) who answered several times the EuroQol
during the last two weeks of the study. For this patient, we averaged the values of the last two weeks.

For the AF Effect on QualiTy-of-Life (AFEQT) questionnaire [37] it is possible to calculate specific
scores concerning the patient’s perception of the symptoms, the impact of AF on his/her daily activities,
the treatment and the satisfaction with the treatment. The overall score is obtained as a synthesis of the

first three scores. These scores range from 0 to 100 and a higher score reflects better quality of life.

3. RESULTS

3.1. Compliance assessment

The average number of days that the patients had used MobiGuide was 127.2+68.6 days for AF and

57.1+£21.5 days for GDM. Five of the AF patients and eight of the GDM patients switched context.

Assessment of compliance to monitoring prescriptions and aggregated clinical parameter values

The top part of Table 4 (rows R1-R4) presents a summary of the compliance of AF patients to
monitoring plans as well as the aggregated values of the measurement results for the cohort patients.
The prescribed number of measurements depends on the prescribed monitoring frequency, which for
AF patients was once a day for ECG, and was either once or twice daily for BP, once a week for weight
and once every two weeks for INR. The third column of Table 4 presents the mean compliance. The

last column reports the aggregated measured values for the monitoring sessions.

Compliance of AF patients to the most important measurement (ECG, row R1) was “quite high” (mean
compliance > 0.65, see row R1 in Table 4). Context did not affect reporting of drug non-compliance
but semi-routine context had resulted in higher compliance for ECG monitoring (yet not statistically
significant) and in lower compliance to BP (statistically significant) and INR monitoring plans, which

we explain in the Discussion section.



Assessment of compliance to ECG monitoring as a function of trigger type

Rows R1.1-R1.3 of Table 4 present the results for ECG measurements as a function of different
measurement triggers. The results are presented for each type of trigger that initiated the ECG session:
system-initiated routine reminders, patient-initiated, and System initiated in response to patient’s
symptom reporting. In addition to compliance, these rows also reports the proportion of positive AF

episodes detected by the algorithm.

The difference between compliance of patients to system-initiated routine reminders and system-
initiated triggers in response to patient’s symptom reporting is not significant (Table 4, rows R1.1 and
R1.3). In contrast, the proportion of AF+ episodes measured in system-initiated triggers in response to
patient’s symptom reporting (14/19, see row R1.3) is significantly higher than the proportion obtained
for routine reminders measurements (88/729, see row R1.1), in which the Z-Score is 7.7259 and the p-
value < 0.0001, or the proportion obtained by patient-initiated measurements (row R1.2. The Z-Score
is 5.2473 and the p-value < 0.0001). The proportion of AF+ episodes in patient-initiated measurements

is also higher than that found in system-initiated requests, in response to symptom reporting (Z-Score

iS -2.4954 and the p-value is 0.01242).

Table 4. Summary of compliance to reminders and recommendations for AF patients

Row# # patients | Compliance | Frequency of | Mean value over all
prescribed/  to | (Mean of all | recommendati | patients’ means
which  clinical | patients’ ons (= standard
recommendation | means) (#recommenda | deviation)

s were delivered tions)
Monitoring plans
R1 ECG 10 (4 changed | 0.65 £ 0.28 1/day Proportion of AF+
context) (0.75£0.2) episodes:
0.13+0.28
(0.13£0.13)
*excluding patient
with permanent AF
(#9)
R1.1 | ECG in response to |9 0.52 1/day 0.12 (88/729)
system-initiated (=729/1396) | (1396 for 9
routine reminders patients)
R1.2 | ECG in response to |9 NA (not a | ~0.9/week 0.19 (34/177)
patient-initiated recommendat | (391 such
sessions ion) ECGs)




R1.3 | ECG in response to |7 0.56 ~0.7/month 0.74 (14/19)
system initiated in (=19/34) (34)
response to patient’s
symptom reporting
R2 BP 8 (3 changed | 0.75+1.33 1/day SBP: 89.8+£13.3%
context)* (0.03+0.03) | (2/day for semi | in normal range
routine) DBP: 97.3£3.7% in
normal range
R3 INR 1 (this patient | 0.64 (0) 1/2weeks 100% in normal
changed range
context)*
R4 Weight 2 0.14+0.06 1/week 88.5+1.5 Kg
Clinical recommendations
R5 Drugs (reminders) 6 (4 changed | 0.97+0.03 Daily NA
context)* (0.93+0.03)
R6 Talk to your doctor | 1 1 Number
about changing recommendati
anticoagulation ons delivered:
therapy due to the 1
risky  event  you
reported
R7 Keep taking | 1 1 Number Number
anticoagulant  before recommendati | recommendations
cardioversion ons delivered: | delivered: 1
1

*When different values were obtained for different contexts, the results of the semi-routine context are shown

within parentheses. Normal SBP within [85, 130], normal DBP within [50, 90]. INR normal values: 2.0-3.0;

Assumptions for rows R1.1-R1.3: If a patient reported a symptom and pressed a button to initiate an ECG session

simultaneously, we could not interpret his intention very well. We decided to count this behavior as user-initiated

ECG rather than symptom-initiated ECG; if several symptoms were reported within 60 minutes, then a single

ECG session in response to symptom reporting would indicate compliance.

Compliance assessment for BG monitoring by GDM patients

The top part of Table 5 presents similar data for GDM patients; all GDM patients were prescribed to

measure the different data items presented in Table 5. Detailed results of each patient are shown in

Appendix A. As can be seen in Table 5, GDM patients were highly compliant (mean compliance > 0.8)

with measuring the most important health parameters (glycemia, ketonuria and BP).




Table 5. Summary of compliance and measured values for GDM patients

# patients
prescribed/ to
which clinical

recommendations
were delivered

Compliance

Frequency of
recommendations

Average value over all
patients

Monitoring plans

visit your doctor
in the next few
days

BG 19 Compliance to 4 | 4 BG per day % Normal fasting BG:
BG per day* | 1/day or 2/week | 94+4.48
0.87+0.11 depending on| % Normal post-meal:
Compliance to BG | patient’s glycemic | 86.4+8.9
monitoring plan** | values
0.99+0.03
BP 19 Twice a week: | 1/week or 2/week | % Normal SBP: 95.0 +7.1
0.91+0.16 depending on | % Normal DBP: 98.1 + 3.8
Once a week: | patient’s BP values
0.72£0.33
Weighted
average:
0.82+0.24
Ketonuria 19 Once a day: | l/day or 2/week | 95.1% in normal range
0.96+0.06 depending on
Twice a week: | patient’s ketonuria
1.0+0.00 values
Weighted
average:
0.98+0.03
Clinical recommendations
Q: High BG (2|19 out of 19031 Number of
abnormal per | prescribed recommendations
week). Did you delivered: 51
eat more than you
should?
2 high BG in a | 4 patients out of | 0.5 Number
week. visit your | 19 prescribed recommendations
doctor*** delivered: 4
Q: Have you been | 4 patients out of | 0.5 Number
eating your | 19 prescribed recommendations
prescribed amount delivered: 6 (2
of carbohydrates? patients received the
(ketonuria) recommendation
twice)
Ketonuria has | 1 patient out of 19 | 1 Number
been positive; | prescribed recommendations
please increase delivered: 1
your
carbohydrates
@bedtime
Ketonuria has | 1 patient outof 19 | 0 Number
been positive | prescribed recommendations
again. You should delivered: 1

* Patient’s compliance to measure 4 or more BG values per day (considering all the days when at least

1 measurement was done). ** Patient’s compliance to follow BG monitoring plan (i.e., monitor BG

every day or twice a week); *** This recommendation is sent to patients taking insulin or to patients




replying “yes” to the question in the row above; Q-question; When different values were obtained for
different monitoring plans, the results are shown separately. Compliance greater than 0.8 was

considered high.

Comparison of the GDM cohort to a historical GDM cohort
Table 6 provides the mean values of the variables measured in the MobiGuide’s cohort and the historical
cohort of patients, as well as the t-statistic and p-values. Significant differences are shown in bold.

Table 6. Comparison of the GDM MobiGuide cohort with a historical GDM cohort

Historical MobiGuide: t-statistic p-value

cohort: mean | mean and | or (z-score)

and standard | standard

deviation  or | deviation or

percent percent)
Age (years) 34.0+4.5 35.2+3.9 1.130 0.2596
Pre-gestational weight (Kg) 69.2+14 69.8+£13.1 0.8567 0.181
Gestational week at first visit | 29.7+1 29.0£5.4 -1.721 0.0865
Followup duration (days) 63.3+£40 57.14215 -0.667 0.5051
BG mean compliance* 0.87+0.28 1.01+0.10 2.166 0.0312
% BG >140 mg/dL 12.9£10 13.6+9.2 0.296 0.7678
% insulin therapy 53.8 43.7 (0.8501) 0.39532
Mean systolic BP (mmHg) 119.3+12 08.6+8.5 -7.372 <0.0001
Mean diastolic BP (mmHg) 72.84£9 64.746.6 -3.841 0.0002
% Cesarean section 25.1 14.3 (1.0573) 0.28914
% Instrumental delivery 15.2 21.4 (-0.7169) 0.4715
Birth weight (gram) 3233+433 3102+408 -1.276 0.2032

* Patient’s compliance to follow at least four BG measurements on indicated days according the
monitoring plan (i.e., monitor BG every day or twice a week). Note that this compliance could be greater

than 1.

Assessment of compliance of patients to DSS recommendations

As shown on the bottom part of Table 4 (rows R5-R7), AF patients had very high compliance to DSS
recommendations (>0.9). The compliance of GDM patients to DSS recommendations is provided on
the bottom part of Table 5. GDM patients’ compliance to clinical recommendations was not high (0.31-
0.5) for those recommendations that have been delivered at least 3 times, from which conclusions could

be drawn.



Assessment of compliance of clinicians to DSS recommendations

The care providers’ compliance to patient-specific recommendations is provided in Appendix A (table
Al3 and Al4). As Table A13 shows, cardioversion advice was delivered only for one patient, and here
the clinicians were in full compliance. On the other hand, ECG summaries were produced about 8 times
a week (demonstrating the rather high compliance to the daily ECG monitoring recommendations and
the ability of patients to initiate additional ECG monitoring sessions at their discretion and as a response
to reporting symptoms). The ratio of views (by clinicians) to ECG summary reports was 0.3, but this is
a low estimate because in each view several reports could be inspected. Clinicians reported to us that
they viewed all of the reports, with the entire ECG signals, daily on their working days (5 days a week,

not including vacations).

There are several technical reasons for the seemingly lower compliance of clinicians in the GDM
domain (0-0.26, depending on recommendation, see Table A14), which we present in detail in the

Discussion.

3.2  Patient and care provider satisfaction results

Tables B1 and B2 in Appendix B present the responses of patients and clinicians to the end-of-study
questionnaires (answers provided on a Likert scale of 1 through 5) . As shown in Table B1, both AF
and GDM patients had positive sentiments toward the MobiGuide system. Half of the AF and more
than two thirds (12/17) of the GDM patients provided positive ratings of 4 or 5 for confidence provided
by the system. Almost all AF patients (6/7) and more than two thirds of the GDM patients liked the
system’s ability to adapt to context. 7/8 of the AF patients reported that the system improved their peace
of mind during travel and more than half of the AF patients reported that the system improved their
interaction with clinicians (GDM patients were not asked these questions). All of the AF patients
reported that they would recommend the system to others (total agreement of 5) and almost all of them
(8/9) intend to use it in the future; GDM patients were a bit less enthusiastic, ranking their agreement
to recommend the system to others at 4 or 5 and 12/14 patients reported their intention to use the system
in the future. However, while most GDM patients (15/17) agreed that the system has not complicated

their lives only a third of the AF patients agreed with this statement.



As for clinicians’ attitudes, as shown in Table B2, all AF and GDM clinicians agreed (i.e., provided
ratings of 4 or 5) that MobiGuide helps them in identifying priorities and increases patient safety via its
data quality awareness (which prompts patients to re-enter data, repeat measurements, thus improving
the recommendations delivered by the system that depend on data quality). All AF clinicians and two

thirds of GDM clinicians agreed that the system makes it easier to manage patients.

3.3 Quality of life of AF patients results

Table 7 reports the results of the pre and post analysis of quality of life for AF, based on the EuroQoL
and AFEQT questionnaires. The two Quality of life questionnaires seem to have somewhat conflicting
results; while most patients reported an improvement in their quality of life in the EuroQoL
guestionnaire; most patients reported a deterioration in the AFEQT questionnaire. We suggest a possible
explanation for these results in the Discussion. Detailed patient-by-patient results are shown in

Appendix C.

Table 7. Quality of Life questionnaires results for AF patients

Questionnaire Pre- Post- % patients who% patients who/% patients who
MobiGuide [MobiGuide |[improved remained deteriorated
EuroQoL
-Utility coefficient 77.6+£0.23 [78.4£0.23 50% 18% 37.5%
-Analogue score 67.5£18.6 [80.1+13.0 [62.5% 12.5% 25%
AFEQT
-Overall score 73.0+14.9 67.8+11.1 [25% 12.5% 62.5%
-Treatment satisfaction [72.3+18.7 [71.9£21.7 [37.5% 37.5% 25%

4. SUMMARY AND DISCUSSION

The MobiGuide system is a clinical-guideline based, continuous-care, ubiquitous DSS, which is novel
in its patient centrality, customization and personalization as well as distribution of decision support,
and the semantic integration of multiple data sources. We have designed the system in a general way
[12] to allow its implementation in different clinical domains and hospital settings. Design choices
included the standard-based PHR [19] with its generic data insertion methods [19], the ability to connect

with a wide range of sensors, and the ability to use the system with different smart phones.



In another study [13], we have focused on the patient usability evaluation. In this paper, we described
the evaluation of MobiGuide in terms of medical compliance, satisfaction, and change in the patients’

quality of life.

4.1. Summary and Discussion of the patients’ compliance results
Continuous monitoring of the most important health parameters (glycemia, ketonuria and BP for GDM
patients) was performed at encouragingly high compliance rates by GDM patients. In general, the
compliance of GDM patients to monitoring plans was higher than that of AF patients, which was
however quite high for their most important measurement — ECG monitoring. One of the reasons may
be that pregnant women are particularly concerned about their health due to possible risk to the baby as
well as to themselves; their condition is new to them and temporary and they are thus highly motivated
to keep in excellent health.

The compliance of AF patients to symptom-triggered ECG monitoring and system triggered monitoring
reminders was similar (the difference is not statistically significant). However, the proportion of
positive AF episodes (>10% of the time) was highest in response to patients’ symptom reporting (0.74),
and was still higher for patient-initiated sessions (0.19), compared to the lower proportion of positive
AF episodes when the patients were reminded to perform an ECG (0.12). This issue touches at the heart
of why one might need continuous monitoring at home, versus at the clinic or via a random one-day
Holter monitoring. Given the sensitivity of the AF detection algorithm (0.64), we estimate that around
0.36 of the total ECGs performed had AF+ episodes, but had not been detected. Note that patients might
have experienced AF symptoms during other times, but did not put on a belt. This confirms the value
to clinicians of having monitoring sessions done by the patient at home (see also discussion of the value
of home monitoring for patient diagnosis in Section 4.2), in order to understand the patient’s perception
of symptoms.

The compliance of AF patients in routine context to monitoring plans (that were prescribed to at least
three patients, as results based on 1-2 patients are not meaningful) was quite high, in the range of 0.64-
0.97. The low compliance to INR reporting in semi-routine context is attributed to the fact that INR

needs to be measured at the hospital while patients in semi-routine were on vacation, away from home.



The low compliance to BP monitoring in semi-routine context is most likely because the monitoring
frequency of BP was twice a day in semi-routine rather than the once daily in routine context. The
higher compliance (though not statistically significant) of AF patients to ECG monitoring in semi-
routine context could be explained by the fact that they were more concerned about this parameter when
being away from home (the semi-routine context was associated with a vacation event for AF patients).
The compliance (of AF patients) to medication reminders seemed to be very high; however, it has been
estimated indirectly, by assuming that patients had been compliant for all cases where they did not
report medication non-compliance.

None of the patients were prescribed physical exercise. The care providers suggested to GDM patients
to use the physical activity monitoring functionality of MobiGuide, yet they did not exercise often. This
could be explained by the fact that to a large degree, patients in Spain still believe that exercise is not
recommended during pregnancy. According to [38], women even decrease the amount of activity
during pregnancy. Educational level is directly related to physical activity during pregnancy.
Counseling on physical activity is usually a neglected area in maternal health promotion. Few
nurses/doctors explain pregnant women that performing activity is safe and positive. Sociocultural
factors have been shown to influence the impact of an ICT-based system for self-management of
diabetes. There it was found that "the way nutrition is perceived and used in some cultures as a tool for
socializing, affect significantly the final outcome of an ICT-based self-management intervention"
[39]. These observation suggests that the system could be used to detect incorrect behaviors due to
cultural heritage, and to try to correct them by sending encouragements to patients.

Most of the recommendations made by the MobiGuide DSS were reminders (for measurements or
medications); a much smaller number of clinical recommendations were delivered by the system in
response to detection of risky conditions, such as reporting of unacceptable symptoms and risky events

in AF and of detection of abnormal BG or ketonuria values in GDM.

4.2. Summary and Discussion of clinical outcomes
Although the number of patients in the study was too small to observe significant clinical outcomes (the

study was, after all, mostly a feasibility study for the overall MobiGuide architecture and its



functionality, and not a full-blown clinical trial), we were able to observe some preliminary indications
that the MobiGuide system was able to help physicians reach medical decisions more quickly. In the
domain of AF, the system allowed the care provider to change the diagnosis for two of the ten patients.
For one patient, the clinicians noticed that the percent of time of being in an AF state was always close
to 100%, so the diagnosis changed from paroxysmal to permanent AF. For another patient, noticing that
the system did not alert for any AF episodes, and looking at the actual ECG signals, the clinicians
realized that indeed, the arrhythmia was not due to AF, but rather, due to a paroxysmal supraventricular
tachycardia; this realization led to a correct treatment initiation. In the GDM domain, the system alerted
the physician, in the case of two patients, that insulin should be started, before the weekly patient visit.
Moreover, the fact that the measurement data were available to the physicians via the system without
needing to rely on the patients bringing in their monitoring devices and paper diaries had a great benefit.
Since the clinicians knew the real data values, they felt that the decisions were made faster and were
better; as they could review the results before the visits, the time spent reviewing the data was shorter.
So far, compliance to measurements has not been well studied in women with GDM, being mainly
focused on appointments attendance [40]. Our study shows that, regarding BG measurement, the most
relevant follow-up parameter, the mean compliance when using the system was 0.99 for following the
monitoring plans (daily or twice weekly) and 0.87 for four measurements a day, corresponds to a very
high degree of adherence. To compare the compliance of the MobiGuide cohort to that of the historical
cohort, we calculated the compliance to at least 4 measurements a day as explained in the Methods
section. The compliance of the MobiGuide cohort was significantly higher than that of the historical
cohort (1.01 vs. 0.87, with p-value of 0.0312), in spite of the different conditions of the two cohort (the
MobiGuide patients received four reminders on each day, regarding which BG values were supposed
to be measured, whereas the historical patients were instructed to measure “at least four measurements
a day”).. This high self-measurement compliance, accompanied by the relatively high compliance to
ECG self-measurement (0.65) in the AF group is especially encouraging, given two of the MobiGuide
Project's main original objectives, namely, support for a patient-centered style of care that empowers
patients, and containment of the increasing costs of chronic-patients care, by shifting the focus to a

home-based one.



Thus, the evaluation’s results have confirmed our expectations that risks would be identified earlier
(e.g., early diagnosis of need for insulin), resulting in a more effective and efficient care process, leading
to a high compliance to self-measurement and a good quality of health.

Table 6 also reports other interesting findings. First, compared with the MobiGuide cohort, the clinic-
monitored cohort group had higher BP values (119.3/72.8 vs. 98.6/64.7), and a larger percentage of
women on insulin (53.8 vs. 43.7). Second, the outcomes of pregnancy were comparable for the two
groups, in terms of gestational week at delivery (38.7 vs. 39.5), birth weight (3.233 vs. 3.171), and
percentile of newborn (50.8 vs. 46.2). There were more C-sections and fewer instrumental deliveries in
the clinic-monitored historical cohort of patients, most likely reflecting changes in clinical practice.
Furthermore, the MobiGuide patient group is too small for concluding such a clinical effect. However,
future studies using the MobiGuide technology, comparing otherwise identical cohorts, might be able
to determine whether some of the effect might be due to an improved BG control.

In the long run, we expect that a system such as MobiGuide could save multiple patient visits and
hospitalizations, simply due to the patients being monitored at home, rather than at the clinic, and
managed more closely and with a higher self compliance. However, this effect could not be
systematically measured in our study. First, because the experimental study design asked the care
providers to see the patients according to the normal visit schedule and not to cut down on visits even
if the health state appears to be well controlled at home, according to the patient’s data. Second, cutting
down on hospitalizations for AF (GDM patients are not hospitalized) could not be detected in the brief
nine months study, because hospitalizations normally occur not more than once a year. Nevertheless,
the AF clinicians reported to us that several of the AF patients only had the enrollment visit and the end
of study visit, and used the system from home for the whole duration of the study, thus supporting our
vision for automated, home-based care. A related observation is that the mDSS was able to operate
without the need for call backs to the Backend DSS for long periods of time: 14.8

+7.3 days for AF and 3.95+1.3 days for GDM.



4.3. Summary and Discussion of patient satisfaction and quality of life

It is a well known phenomenon that patients get tired of using (medical) applications after several
weeks, especially for monitoring applications [41]. Yet, our results show that on average, GDM patients
used the MobiGuide application for a mean of 2 months (and up to 3 months) and AF patients used it
for 4.2 months (and up to 8.6 months). This behavior is also in line with the fact that only one of the
twenty GDM patients who were recruited for the study and none of the ten AF patients had dropped
out; and that three of the AF patients did not want to return the equipment at the end of the study and
kept using the system while budget permitted, for several additional weeks. The different behavior
exhibited for the use of the MobiGuide application shows that in high stakes domains, such as chronic
care and maternity, patients have no trouble at all in monitoring themselves and in complying with
recommendations for extended periods.

We used a questionnaire at the end of the pilot to obtain patients’ perceptions about the system. AF and
GDM patients agreed that the application was interesting and useful and expressed willingness to use
it. They stated that they liked very much the system’s ability to adapt to context. Overall, the sense of
safety that the system has provided to the patients was its greatest asset. When interviewing the patients
in person, many of them chose to spontaneously tell us about this quality of the system. One AF patient
said, “With the system I feel the doctor by my side, as if he is hugging me”. The fact that AF patients
could initiate an ECG session might also have contributed to patient satisfaction, due to their ability and
perception of having control over the system and over the patients’ state.

The two Quality of life questionnaires seem to have had conflicting results; while most patients reported
an improvement in their quality of life in the EuroQoL questionnaire; most patients reported a
deterioration in the AFEQT questionnaire. Note however that (i) this is true only for the overall score,
while results about treatment satisfaction are positive, and (ii) EuroQoL is a more general measure of
quality of life, compared to AFEQT, which instead measures specifically the impact of the disease on
the quality of life. Since AF is a chronic condition that normally worsens over time, it is not clear to
what extent we can attribute these changes to the MobiGuide system. The correspondence between the
EuroQoL and AFEQT scores could be evaluated for six patients. Good correspondence was seen in

only four of them (see Appendix C).



Interpretation of the Quality of life results obtained by questionnaires should address the following
considerations. First, even if the punctual values of the scores change, the level of the values is rather
high for all of the patients. In the AFEQT questionnaire, these scores are computed by converting a
number of answers given on a 1-7 Likert scale to a score that ranges from 0 to 100, so variations of
some units could be insignificant (e.g., an answer might range from “No difficulty at all” to "hardly any
difficulty” or "A little difficulty™). In the literature, changes of up to 10 units were associated by patients
with "small changes" in their perceived quality of life in a period of 3 months [42]. Another point that
has to be considered is that the AFEQT questions are oriented at evaluating aspects that were not directly
controllable by the MobiGuide system during the pilot (e.g. "how much difficulty have you had in doing
any activity because you felt tired, fatigued or low energy?"). If any therapy change or intervention had

been performed during the study, its effects could have been better assessed by this questionnaire.

4.4. Summary and Discussion of the clinicians’ compliance and

satisfaction
AF clinicians complied with the cardioversion advice (which was given by the MobiGuide DSS to the
one patient who met the eligibility criteria). The clinicians viewed the ECG summaries daily and found
them useful. Most of the recommendations delivered to GDM clinicians concerned initiating therapy
by insulin. For two out of the 18 women for which MobiGuide generated a recommendation to start
insulin administration before the scheduled visit; the doctors complied with this recommendation. It
would appear that the GDM physicians had a lower compliance to the MobiGuide system’s
recommendations; however, recommendations have often been declined because the recommendations
were sent more than once, due to duplicate systems generated recommendations. Some
recommendations were duplicated during the initial 2-3 weeks of the GDM pilot due to a repetition in
blood glucose measurements downloaded to the system and it was then solved. In addition, in some
cases, the physician noted the recommendation generated and considered alternative therapies (e.g.,
changing the diet rather than starting insulin therapy, an option that was not provided in the guideline)
but she did not inform the system so the same recommendation was duplicated a few days later. A third

reason was that some patients had started insulin therapy previously. Although the system allowed



physicians to note the reason for non-compliance, this was not mandatory and was not recorded by the
physicians, so we collected these reasons by interviewing the physicians.
Clinicians who have used the MobiGuide AF and GDM systems agreed that it made it easier to manage

patients.

4.5. Future research directions
It is important to note that although the MobiGuide system introduces a new channel for communication
and cooperation between patients and care providers, it may result in increased information flow,
resulting in many challenges that need to be addressed in future research. These include designing
technologies for mediating and facilitating patient-provider communication from the perspectives of
human-computer interaction, computer-supported cooperative work, public health, and medical
practices [4].
However, the combined effect of remote management at the patient’s local environment, and of
enhanced quality of care, is expected to result in fewer visits and fewer hospitalizations for monitoring
sessions that could be performed remotely in the patient’s normal environment, while she is living her
normal life, saving costs to the patients and to the overall healthcare system.
Our implementation of the MobiGuide system was not fully integrated into the hospitals’ workflow
management systems that manage resources and logistics. In another study [43], we describe our proof-
of-concept implementation of a loosely-coupled approach to orchestrate the interaction between the
MobiGuide Backend DSS and the Activiti Business Process Management (BPM) engine for five use
cases arising from the AF MobiGuide implementation. We utilized the PHR of the MobiGuide project
to implement the loosely coupled orchestration; changes in the PHR were detected by polling, while
standards-based workflow documents orchestrated cross-enterprise therapeutic interventions. In
particular, we describe the cardioversion process management. Future work is required to implement
this framework within hospital setting.
The evaluation described in this paper provided proof of concept that a ubiquitous, distributed and
personalized guideline-based DSS was well received by patients and clinicians and resulted in high

levels of self-measurements by GDM patients and quite high levels by AF patients. However, the study



was limited in its size, its duration in the case of AF patients, and the lack of baseline compliance rates
(no baseline rates for AF patients’ usage of the sensors without usage of the full MobiGuide system,
and baseline rates only for BG measurements for GDM patients). Future clinical trials should be
conducted in order to draw valid conclusions regarding the system’s contribution to improvement in

care quality and outcomes.

CONCLUSIONS

MobiGuide is an interactive guideline-based DSS for patient-centered care designed to enhance patient
engagement. MobiGuide implements several novel ideas for personalized patient guidance to patients
and to their care providers, while maintaining patient safety, and is based on evidence-based clinical
guidelines as well as a novel distributed service-oriented architecture. Its feasibility was demonstrated
by a working prototype that was successfully evaluated in a preliminary fashion for the AF domain in
a hospital in Italy and for GDM with and without hypertension in a hospital in Spain. The evaluation
has shown high compliance of GDM patients and quite high compliance of AF patients, to clinical
guideline recommendations, and an increase in-patient and care provider satisfaction, as well as an
impact on clinicians’ diagnoses and therapy changes. The combined effect of remote management at
the patient’s local environment, and of enhanced quality of care, carries a potential future promise for
significant cost saving, due to both a lower rate of complications and hospitalizations, as well as fewer

clinic visits for monitoring purposes; we suggest that future studies focus on that promise.
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SUMMARY TABLE

What was already known on the topic

What this study added to our knowledge

Computer-interpretable guideline (CIG) based
DSSs can provide patient-specific evidence-
based recommendations to care providers at the

point of care during patient encounters

Customization of CIGs to psychosocial and
demographic context and preferences of patients
can provide personalized decision support, which
patients like very much, valuing the sense of

safety that the system provides to them. Patient-
centric, distributed DSS that is extended to
devices contributes to

mobile easy

management of patients

CIG-based decision support systems can impact
clinicians behavior more effectively than the
respective clinical practice guidelines on which

they have been based

The distributed and personalized MobiGuide
DSS, in both the atrial fibrillation and gestational
diabetes mellitus domains, resulted in a high self-

measurement compliance by the patients
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Appendix A. Detailed results

Table Al. Compliance of AF patients to ECG monitoring

Patient Context | Reminder | #Days | #planne | #days of | Compl | Complia | #AF* (sessions in | Average Average
on d complia | iance nce which the patients | ratio  of ratio - of
(overall) ECG
Mobi | measure | nce per experienced AF at | ECG sessions in
Guide | ments contex least 10% of the | sessionsin \.NhiCh.AF
is positive
per day t session) which AF | (overall)
is positive
per
context
1 Routine | Yes 30 1 14 0.47 8
Semi Yes 31 1 14 0.45 8
Routine | Yes 35 1 28 0.80 25
2 Routine | Yes 72 1 63 0.81 0.81 18 0.17 0.17
3 Routine | Yes 98 1 93 0.95 0.95 3 0.02 0.02
4 Routine | Yes 91 1 20 0.22 0.22 17 0.71 0.71
5 Routine | Yes 90 1 38 0.42 0.42 0 0 0
6 Routine | Yes 4 1 4 1 0.96 0 0 0
Semi Yes 15 1 11 0 0
Routine | Yes 117 1 116 0.99 0 0
7 Routine | Yes 103 1 77 16 0.12 0.04
Semi Yes 56 1 46 0.82 0 0
Routine | Yes 148 1 75 0 0
8 Routine | Yes 31 1 29 0.94 0.98 25
Semi Yes 5 1 5 1 2 0.18
Routine | Yes 49 1 49 1 42
Semi Yes 4 1 4 1 2 0.29
9 Routine | Yes 249 1 167 175 0.994 0.994
10 Routine | Yes 86 1 22 0.26 0.26 0 0 0
Average* 065 * 013
0.28 0.28
(071 (014 =+
0.2 0.13)

* The average does not distinguish between results obtained in different context




Table A2.

Compliance of AF patients to BP monitoring

Patient | Has Context Remin | #Days #planned #planned #times of | Compliance | Average
hypertensi der on measurem | measurem | compliance (partial) BP
on? MobiG | ents  per | ents (partial

uide day/week compliance*®)
1 No Routine No 18 1/week 2.6 0.06 130/80
Yes 12 1/week 1.7** 0 0* NA
Semi Yes 31 1/week 44 1 0 115/87
Routine Yes 35 1/week 5 1 0.03 118/89
2 Yes Routine No 68 1/day 68 1 0.02 130/80
Yes 10 1/day 10 0 0 NA
3 No Routine No 54 1/week 7.7 22 2.75 106/66
Yes 34 1/week 4.9 32 6.6 105/67
4 No Routine No 33 1/week 4.7 1 0.21 90/60
Yes 58 1/week 8.3 2 0.24 130/60
5 No Routine Yes 90 1/week 12.9 3 0.23 107/69
7 Yes Routine No 45 1/day 45 14 0.31 120/74
Semi Yes 20 2/day 40 1(11) 0.05(0.55) | 130/80
8 No Routine No 39 1/week 5.6 4 0.72 116/58
Routine Yes 5 1/week 0.7** 1 1* 112/59
Semi Yes 4 1/week 0.6** 0 0* NA
9 Yes Routine Yes 249 1/day 249 56 0.23 107/56

*partial compliance = days on which BP was measured once instead of twice in semi-routine context for

hypertensive patients; **If the planned number of measurements is <2 then these rows were not taken into

consideration in the mean value.

Table A3. Compliance of AF patients to INR monitoring
Patient | Context | Reminder | #Days on | #planned #days of | Compliance | INR
MobiGuide | measurements | compliance
7 Routine | No 103 7.4 5 2.24
Semi Yes 56 4 0 0 NA
Routine | Yes 100 7.1 4 0.57 2.2




Table A4. Compliance of AF patients to weight monitoring

Patient | Context | Reminder | #Days on | #planned #days of | Compliance | Weight
MobiGuide | measurements | compliance (Kg)
2 Routine | No 68 9.7 2 0.22 87
Yes 10 1.4* 0 0 NA
5 Routine | Yes 90 12.9 1 0.08 90

Table A5. Drug non-compliance reporting by AF patients

Patient | Context | Reminder | #Days on | #non Type non compliance
MobiGuide | compliances

1 Routine | Yes 12 1 Forgot
Semi Yes 31 2 Forgot
Routine | Yes 35 3 Forgot

4 Routine | Yes 91 0 NA

5 Routine | Yes 90 0 NA

6 Routine | Yes 4 0
Semi Yes 15 1 Unavailable (1)
Routine | Yes 107 1 Unavailable (1)

7 Routine | Yes 103 4
Semi Yes 56 2
Routine | Yes 148 1 Side-effects(1)

8 Routine | Yes 31 1 Unavailable (1)
Semi Yes 5 1 Unavailable (1)
Routine | Yes 49 4 Unavailable (2), Forgot (2)
Semi Yes 4 0

*Drug non-compliance could only be reported when reminders were ON; Forgot - forgot to take the
medication, Decided - decided not to take it, Understand - did not understand which medication should
be taken, Unavailable — patient did not have the medication with him or did not have any left at home,
Side-effects - decided not to take it because of side effects experienced with the medication



Table A6. AF Patients’ compliance to recommendations

Patient | Days on | Talk to your | Keep taking | Technical
MobiGuide | doctor about | anticoagulant recommendations
changing before (M)
anticoagulation cardioversion
therapy due to the | (R)
risky event you
reported (R)
1 96 NA NA 43
2 78 1 NA 4
3 98 NA NA 6
4 91 NA NA #
5 90 NA NA 33
6 136 NA 1;1 7
7 259 NA NA 41
8 89 NA NA 4
9 249 NA NA 39
10 86 NA NA 28
Mean | 127.2+68.6 | (0; 90%) (0; 90%) Monthly
and days = compliance: 1 | average:
Stdev | 18+10week 555144
(Mode
& %)

T —technical; Q — question; R — clinical recommendation; The two numbers within the cells of the table
indicate the number of recommendations delivered and actually followed (number not always

available); # - mobile log was not available for this patient.



Table A7. Patient-by-patient results summary for AF patients

Pati | Cont | EC | AF+ | BP |BP |1 We | Weig | Medic | Quality  of | Safety | Willing
ent | ext G co |val | N ight | ht ation life confid | to use
switc | co mp R|R |co compli ence
hes mp c mp ance

0

m

p
1 Y H L ! H dec; dec 4 Y

(L) ‘
2 N H L L g L \ Inc; # # #
3 N H | L H |V # 4 Y
4 N L |H TE H #; dec 4 Y
5 N L |L TR L] H inc; inc 4 Y
6 Y H L L] H inc; inc Y
7 Y H |L L V Lo H dec; dec 5 Y
8 Y H H \ H inc; dec 4 N
(SN

9 N H L v inc; # Y
10 |N L L ’ #: dec 4 Y
Mo | N H L L \ L N H inconclusive | 4 75% | Y 89%
de 60% |50 |60% |78
and % %
%

When different values were obtained for different context, the results of the semi-routine context are
shown within parentheses. Compliance values: high (80-100), medium (60-79), low (0-59); %AF
values: high (67-100%), medium (34-66%). Low (0-33%); BP value: High (SBP >130, DBP >90); V
normal (SBP within [90, 130], DBP within [55, 90]); INR normal values: 2.0-3.0; comp — compliance;
dec — decreased; inc — increased; unc — unchanged; Quality of life: results of EuroQoL; AFEQT; # -

chose not to complete the questionnaire




Table A8. Glycemia monitoring compliance reporting by GDM patients

_ BG o _ #Days on #Total Days B Average | Compliance gompliarécé
Patient | Monitoring | Reminder | monitoring | 5 ~ #BG>=4 | #BG per | to 4 BG per monitoring
plan plan day day* plan**
P1 Daily Yes 36 162 30 4.50 0.83 1.00
P2 Daily Yes 34 145 27 4.26 0.90 0.88
P3 Daily Yes 28 107 17 3.82 1.00
P4 Daily Yes 64 294 59 4.59 0.92 0.98
P5 Daily Yes 33 129 27 3.91 0.82 1.00
P5 Twice : Yes 18 71 13 4.46 1.00 1.00
week
P6 Daily Yes 47 182 41 3.87 0.87 1.00
P7 Daily Yes 90 411 83 4,57 0.93 0.98
P8 Daily Yes 61 222 39 3.64 1.00
P8 Twice : Yes 31 101 o 4.00 1.00 1.00
week
P9 Daily Yes 77 300 56 3.90 1.00
P10 Daily Yes 36 142 29 3.94 0.81 0.97
P12 Daily Yes 49 204 37 4.16 0.98
P13 Daily Yes 57 225 43 3.95 1.00
P14 Daily Yes 72 330 70 4.58 0.97 1.00
P15 Daily Yes 20 81 18 4.05 0.90 0.95
P16 Daily Yes 91 360 89 3.96 0.98 0.99
P17 Daily Yes 53 213 49 4.02 0.92 1.00
P18 Daily Yes 51 205 50 4.02 0.98 1.00
P19 Daily Yes 73 315 70 4.32 0.96 1.00
P20 Daily Yes 65 265 59 4.08 0.91 1.00

* Patient’s compliance to measure 4 or more BG values per day (considering all the days when at least
1 measurement was done). ** Patient’s compliance to follow BG monitoring plan (i.e., monitor BG
every day or twice a week)



Table A9. BP monitoring compliance reporting by GDM patients.

(*) data not used to compute the mean compliance

#planned # Weeks Compliance | #times
BP #Weeks on
) o ] .. | #Total | measurements | #BP>=2 | #BP=1 | #BP=0 | to entered
Patient | Monitoring | Reminder | monitoring o
BP monitoring | manually
plan plan
plan
Twice a 2 3 2.86 1 1 0
P1 No 0.5
week
Once a 3 4 3.71 1 1 1
P1 No
week
Twice a 3 6 6.29 3 0 0 7
P2 No
week
Once a 2 1 1.71 0 2 0
P2 No
week
Once a 4 3 3.86 2 0 2 1
P3 No 0.5
week
Twice a 4 11 7.71 3 1 0
P4 No
week
Once a 5 7 5.29 2 2 1
P4 No
week
Twice a 1 3 2.57 1 0 0
P5 No
week
Once a 6 13 6.00 6 0 0
P5 No
week
Twice a 2 3 3.14 2 0 0
P6 No
week
Once a 5 3 5.14 1 0 4
P6 No 0.2
week
Twice a 4 18 8.00 4 0 0 7
P7 No
week
Once a 9 18 8.86 7 2 0
P7 No
week
Twice a 5 28 10.00 5 0 0 2
P8 No
week
Once a 8 4 8.14 2 0 6
P8 No 0.3
week
Twice a 1 3 2.29 1 0 0
P9 No

week




Once 10 0 9.86
P9 No 0.1
week
Twice 3 5 6.29 1
P10 No
week
Once 2 0 2.00
P10 No 0.0
week
Twice 2 4 3.43
P12 No
week
Once 5 8 5.29
P12 No
week
Twice 3 7 5.71 6
P13 No
week
Once 5 6 5.29
P13 No
week
Twice 2 14 3.43 21
P14 No
week
Once 8 16 8.57
P14 No
week
Twice 3 32 5.71 5
P15 No
week
Twice 4 9 8.29 1
P16 No
week
Once 9 17 8.86
P16 No
week
Twice 3 9 6.86
P17 No
week
Once 4 7 4.14
P17 No
week
Twice 2 3 2.86
P18 No
week
Once 4 6 5.86
P18 No
week
Twice 10 80 20.86
P19 No
week
Twice 1 2 1.43
P20 No
week
Once 8 7 8.57
P20 No 0.5

week




Table A10.

Ketonuria monitoring compliance reporting by GDM patients

. Ketonuria . #Days on | #Total #planned . Lo

Patient o Reminder . . Compliance to monitoring plan
Monitoring plan monitoring plan | Ketonuria | measurements

P1 Daily Yes 15 12 15.00 0.8
P1 Twice a week Yes 21 14 6.00 1
P2 Daily Yes 34 32 34.00 0.94
P3 Daily Yes 4 4 4.00 1
P3 Twice a week Yes 24 25 6.86 1
P4 Daily Yes 57 39 57.00 1
P4 Twice a week Yes 7 7 2.00 1
P5 Daily Yes 51 51 51.00 1
P6 Daily Yes 16 14 16.00 1
P6 Twice a week Yes 31 16 8.86 1
P7 Daily Yes 9 12 9.00 0.89
P7 Twice a week Yes 81 61 23.14 1
P8 Daily Yes 15 13 15.00 1
P8 Twice a week Yes 77 77 22.00 1
P9 Daily Yes 18 17 18.00 1
P9 Twice a week Yes 59 60 16.86 1
P10 Daily Yes 19 19 19.00 0.95
P10 Twice a week Yes 17 17 4.86 1
P12 Daily Yes 13 12 13.00 0.92
P12 Twice a week Yes 36 36 10.29 1
P13 Daily Yes 18 18 18.00 0.94
P13 Twice a week Yes 39 39 11.14 1
P14 Daily Yes 36 29 36.00 1
P14 Twice a week Yes 37 35 10.57 1
P15 Daily Yes 20 17 20.00 0.94
P16 Daily Yes 19 17 19.31 1
P16 Twice a week Yes 73 71 20.77 1
P17 Daily Yes 5 5 5.48 1
P17 Twice a week Yes 49 22 13.86 1
P18 Daily Yes 13 12 13.39 1
P18 Twice a week Yes 39 36 11.03 1
P19 Daily Yes 17 15 17.33 1
P19 Twice a week Yes 57 52 16.19 1
P20 Daily Yes 13 12 13.43 0.82
P20 Twice a week Yes 53 45 15.02 1




Table A11l. GDM Patients’ compliance to recommendations/questions asked

Patient Days on | Technical High 2 Have you been | Ketonuria Ketonuri
MobiGuide | Recommendation | BG (2 | high | eating  your | has been | a has
s(T) abnor BG in | prescribed positive; been
mal per | a amount of | please positive
week). | week. | carbohydrates | increase your | again.
Did visit | ? (ketonuria) | carbohydrate | You
you eat | your | (Q) S @bedtime | should
more docto (R) visit your
than r* (R) doctor in
you the next
should few days
?(Q) (R)
1 42 12 5; 0 11 0 0 0
2 48 1 3;0 0 2 0 0
3 35 12 2;1 0 0 0 0
4 63 21 3;0 0 0 0 0
5 52 6 1;1 0 2;2 1;1 1;0
6 46 0 1,1 0 0 0 0
7 91 48 32 1.0 0 0 0
8 93 14 7,4 0 0 0 0
9 78 9 5; 0 0 0 0 0
10 36 4 1,0 0 0 0 0
12 50 10 2;1 0 0 0 0
13 56 0 2;0 1.0 0 0 0
14 71 25 1;1 0 1,0 0 0
15 19 0 11 0 1,1 0 0
16 90 16 2;0 1:1 0 0 0
17 59 1 1,0 0 0 0 0
18 50 4 31 0 0 0 0
19 72 - 4;1 1.0 0 0 0
20 64 13 4;2 1.0 0 0 0
Mean and | 58.68 +20.22 | Monthly Compli | Compl | Compliance: Compliance: Complian
Std. day = 8%3 | average:4.7+4.5 ance: iance: | 0.5 100% ce:0
(Mode & | week 0.31 0.5
%)

T — technical recommendation; Q — question; R — clinical recommendation/natification; The two
numbers within the cells of the table indicate the number of recommendations delivered and actually
followed; * - this recommendation is sent to patients taking insulin or to patients replying “yes” to the

guestion in the column to the left



Table A12. Patient-by-patient results summary for GDM patients

Mean % Mean BP|% Average |%
BG Normal values: Normal number of | Negativ
BG |BG . . )
com | com valu_es fasting / BP systollf_:/ BP _ negative |e
Pat fasting /| post- com diastolic Systolic/ Ketonu ketonuria | ketonur
ien | P P post- meal P Diastoli | . (-,+/-) and|ia
¢ |Mmeaimon ol BG monit c ra positive
sure | itori oring COMpP |\ sronuria
4 ajlng plan ¢
da lan (+, )
Y|P values per
month
p1 105.20/ |91.2%/ 115.33/ 100.0%/ 20.80/0.00
130.24 |70.1% 69.83 ( 100.0% 100.0%
Py 94.66/ |93.3%/ 98.11/ 100.0%/ 20.80/6.40
123.92 |88.2% 68.11 ( 100.0% 76.5%
P3 92.271  |91.7%/ L 90.67/ 83.3%/ 28.00/0.00
104.83 |98.8% 60.50 ( 100.0% 100.0%
P4 89.33/ |97.3%/ 103.30/ 100.0%/ 20.00/0.89
130.22 |72.0% 64.87 ( 100.0% 95.7%
P5 83.97/ |99.6%/ 92.38/ 87.5%/ 24.00/5.71
102.96 |98.4% 57.31 ( 100.0% 80.8%
PG 87.00/  [99.5%/ L) 90.50/ 100.0%/ 17.14/0.00
118.96 |86.3% 59.83 ( 100.0% 100.0%
p7 112.78/ |89.7%/ 86.47/ 83.3%/ 21.85/0.62
135.10 |65.7% 52.86 ( 86.1% 97.3%
P8 94.39/  96.3%/ L 94.91/ 93.8%/ 27.69/0.00
108.75 [92.6% | (M) |61.38 (V) |100.0% 100.0%
P9 95.59/  |98.0%/ L 95.67/ 100.0%/ 27.27/0.73
118.01 |81.3% 61.67 ( 100.0% 97.4%
P1 87.13/ |98.6%/ L 109.80/ 100.0%/ 28.80/0.00
0 12284 [81.7% | (M |7340(\) |100.0% 100.0%
P1 90.33/  |97.2%/ 97.83/ 100.0%/ 27.43/0.00
2 111.25 |94.4% 65.00 ( 100.0% 100.0%
P1 90.85/ |96.4%/ 100.69/ 100.0%/ 28.00/0.50
3 121.34 |88.8% 71.31 ( 100.0% 98.2%
P1 82.84/ |97.6%/ 98.60/ 93.3%/ 22.80/2.40
4 118.75 |90.6% 63.03 ( 93.3% 90.5%
P1 99.84/ |91.4%/ 105.91/ 93.8%/ 16.00/ 6.67
5 119.08 |86.4% 69.22 ( 96.9% 70.6%
P1 102.25/ |82.5%/ 106.04/ 100.0%/ 27.38/0.00
6 123.91 |90.5% 63.74 ( 100.0% 100.0%
P1 91.41/ |95.0%/ 110.88/ 93.8%/ 19.43/0.00
7 115.80 |[88.2% 79.06 ( 93.8% 100.0%
P1 82.38/ |99.5%/ 87.22/ 77.8%/ 27.43/0.00
8 113.88 |94.6% 58.67 ( 100.0% 100.0%
P1 102.86/ |89.4%/ 102.56/ 98.8%/ 26.80/0.00
9 127.62 |82.3% 56.81 ( 93.8% 100.0%
P2 96.55/ |87.5%/ L 111.88/ 100.0%/ 25.33/0.00
0 118.59 |91.3% 71.13( 100.0% 100.0%




M V(=95 [Avg \ 100% Avg and V' (only negative)
od mg/dL)  |and stdev 58%
o |H e[ stdev  [H 95.0:7.11 | oo
74 100 |V <140 941448 | 84%( 98.1+ ; 0
gn % |% |100% / 62.5) 3.8% (100%)
0 86.4 <«
% 8.9

When different values were obtained for different monitoring plans, the results of the secondary monitoring plan
are shown within parentheses. Compliance values: high (80-100), medium (60-79), low (0-59); BG compliance
considers compliance to monitor 4 or more BG measurements per day and compliance to follow the monitoring
plan (daily or twice a week). Fasting BG normal if BG<95 mg/dL; Post-meal BG normal if BG < 140 mg/dL. BP
values: V normal (SBP within [85, 130], DBP within [50, 90])



Table A13. AF care providers’ compliance to patient-specific recommendations

Patient # days on MobiGuide Cardioversion advice ECG summary

1 96 0;0 90; 21

2 78 0,0 107; 39

3 98 0,0 189; 18

4 91 0;0 45; 28

5 90 0;0 42;19

6 136 2:2 243; 25

7 259 0,0 368; 81

8 89 0;0 163; 45

9 249 0;0 174; 41

10 86 0;0 48; 17

Mean and Stdev (Mode | 127.2+68.6  days = | Compliance was 1 for the | Average per week:

and %) 18+10week patient for which | 8.05£3.9
cardioversion advice was | Average viewing:
delivered 0.3+0.15

The two numbers within the cells of the table indicate the number of recommendations delivered and actually
followed. The summary of the ECG session column reports number of views generated followed by the number

of viewing sessions (in which at least one view has been viewed).

Table Al4. GDM care providers’ compliance to patient-specific recommendations

Patient Consider starting insulin | Change nutritional | A meeting should be
(2 abnormally-high BG | prescription (high BG and | scheduled with the patient
values in a week or high | care provider not notified | to balance patient’s diet (2
BG and care provider | before) positive ketonuria values)
notified before)

1* 11

2 0;0

3 1,0 1;0

4* 11

5 1;0 1.0 10

6 5;0

™ 11 1,0

8* 1;1 10

o* 2;1

10 4,0

12 2;0

13* 11

14 8,0

15* 11 1,0

16* 2;1

17 6;0

18 2,0 1;1

19* 3;1 1,0

20* 11 1,0

Compliance 0.26 0.14 0

The two numbers within the cells of the table indicate the number of recommendations delivered and actually
followed; * Patient started an insulin treatment following MobiGuide recommendation. For these patients, only

the first recommendation to start insulin was counted.



Appendix B. Detailed results of user satisfaction and quality of life

Table B1. Results of patients’ end-of-study questionnaires: number of patients who rated each question

as1,2,3,4,and 5

GDM: Would you pay for MobiGuide? Y/N

Question topic Exact phrasing AF GDM
System increased patients’ confidence | AF: | think that the system helped me to be more 11
confident with my decisions when taking care 2j1 1:0
of AF: 1= totally disagree; 5= totally agree 3j2 2:1
GDM: Do you think that MG has improved your 4'_4 34
perception regardless diabetes management? 5_'0 4:8
With MG | feel myself: 1=less safe; 5= more | /.. 5:4
N/A:1
safe
System improved peace of mind on 1.0
travel . . 2:0
The system improved my peace of mind when | '
. 31 Not asked
travelling away from home 46
5:1
;fg 1:0
. , o I like the fact that the system can adaptto my | : 2:2
I like the system’s ability to adapt to daily life and context changes: 1=totally 3'_1 3:3
context - o 4:3 :
disagree; 5=totally agree 53 4:8
nAz |24
App did/did not complicate patients’ | AF: I think that using the app has complicated | ,. .
) L I T X S 1:2 1:0
lives* my daily life: 1= totally disagree; 5= totally 21 20
agree 3.-4 3:2
GDM: | think that using the app has NOT | . .
. e ; 42 4:10
complicated my daily life: 1=totally disagree; | .. :
_ 5:0 5:5
5= totally agree
System reduces care providers’ | System reduces the activation time of the | 1.0 Not asked
response time healthcare personnel whenever an intervention | 2:1
is required (e.g., waiting time for a visit is | 3:1
shortened) 4:0
5:0
N/A:7
System improved interaction with | The system improved the interaction with my | 1:0 Not asked
clinicians doctor 2:0
3:3
4:5
5:0
N/A:1
Recommending the system to other | I would recommend the system to other | 1.0 1.0
patients (AF/GDM)  patients 1=totally disagree; | 2:0 2:1
5=totally agree 3:0 3:0
4:0 4:9
5:9 5:7
Recommending the system to a friend | Would you recommend the system to a friend of | Y:9 Y:15
yours? Y/N N:0 N:1
Continue to use the system AF: Would you use the system in your daily v:8 v:12
routine (after this study)? Y/N N:l N:2
GDM: Would you use MobiGuide again? Y/N ) '
Paying for the system AF: If yes, would you be willing to pay . )
. o Y:7 Y:3
something or using it? Y/N N2 N-12

* Note the opposite phrasing of this question for AF vs. GDM




Table B2. AF and GDM care providers’ response to the guestionnaires: number of clinicians who rated
each question as 1,2,3,4, and 5

AF GDM

Physicians (4)
Physician[Nurse @and nurses (2)
1:0
2:0
3:0
4:5
Positive addition to patient 2 5 5:1
1:0
2:0
3:1
- . o 4:5
Positive addition to our organization 3 4 5:0
1:0
2:0
3:2
4:3
Important part of staffing 3 4 5:1
1:0
2:0
3:2
4:4
MobiGuide makes it easier to manage patients 5 4 5:0
1:0
2:2
3:2
4:2
MobiGuide makes it quicker to manage patients 3 4 5:0
1:0
2:0
3:2
4:4
Using MobiGuide | am likely to care better for my patients 4 3 5:0
1:0
2:0
3:0
4:5
MobiGuide is useful for managing patients 5 5 5:1
1:0
2:0
3:3
4:3
MobiGuide presents a more equitable management process 3 5 5:0
1:0
2:0
3:1
4:4
I am satisfied with MobiGuide’s support for patient management 3 5 5:1
1:0
) ) ) ) o 2:1
I manage patients in a timely manner using MobiGuide 5 4 3:4




4:1
5:0
1:0
2:1
3:5
4:0
MobiGuide increases my overall productivity 4 5 5:0
1:0
2:0
3:0
4:6
I’m able to identify priorities using MobiGuide 5 4 5:0
1:0
2:0
3:0
4:5
MobiGuide’s data quality-aware features increases the safety of outpatients |5 4 5:1

*For AF there were just two clinicians: a cardiologist and nurse. Their results are presented in that order. The

results of the 4 GDM physicians and 2 nurses are aggregated.



Appendix C. Quality of Life results for AF patients

Table C1. Results of the pre and post analysis of EuroQoL questionnaires

Patie | mobility | self-care | usual pain/discomf | anxiety/depressi | utility analogu
nt activity | ort on coeff. e score

pr | pos | pr | pos | pr | pos | pre post | pre post pre | post | pr | pos

e t e t e |t e t
1 0.76 | 0.42

1 |4 1 |1 1 |3 2 4 2 1 8 3 70 | 50
2 0.83 | 0.75

1 |4 1 |1 1 11 2 1 1 2 7 7 20 | 80
3 0.87

1 |1 1 |1 1 |1 1 1 2 1 9 1 90 | 90
4 2 2 1 2 60
5 0.62 | 0.80

2 |1 1 ]2 2 |1 1 1 2 2 7 3 70 | 75
6 1 |1 1 |1 1 |1 1 1 1 1 1 1 75190
7 81.

1 |12 (1 [11]1 |11 )1 1.1 1 1.4 1 09 |90 |1
8 0.83

1 |1 1 |1 1 |1 2 1 1 1 7 1 70 | 95
9 0.39

1 |2 2 |2 2 |2 2 2 5 3 02 |1 60 | 80
10 0.83

1 1 2 1 2 7 70

End of study quality of life questionnaire was not completed by patients 4 and 10.

Note that the pre-MobiGuide analogue score given by one of the patients (patient 2) seems too low and
does not correspond to his/her overall score (0.83).

Table C2. Results of the pre & post analysis of AFEQT questionnaire (high scores indicate better quality of life)

_ [score_symptoms score_activities |score_treatement |[score_overall [treatment_satisfaction
ek pre post pre post pre post pre post |pre post
1 67 38 50 42 61 42 57 52 42 33
2 100 100 97 99 100
3 46 100 83 32
4 100 62 52 29 89 78 75 53 100 67
5 100 38 27 85 42 78 49 83 67 83
6 92 100 29 46 75 75 58 68 67 67
7 62 63 92 81 39 36 68 62 83 100
8 96 79 81 77 100 94 01 83 50 50
9 54 58 79 70 75 83 72 72 75 75
10 100 100 83 65 54 53 79 69 67 100
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