Managing My Bladder Dictates My Daily Routines —
A Model for Design and Adoption of mHealth in Chronic
Disease Management

Abstract. Urinary incontinence is a urological health issue affecting millions of
people worldwide. While conventional aids have unhygienic and cumbersome
attributes, mobile health (mHealth) interventions have the potential to
significantly improve the quality of life. However, knowledge on how patients
adopt mHealth interventions and how these solutions should be designed is
scarce. In this study, we aim at presenting an adoption model to explain and
derive design principles to support the adoption of mHealth solutions by chronic
disease patients. We therefore followed an action design research approach,
which held a systematic literature review of 67 papers and 16 expert interviews
to build and evaluate the ex-ante model and another 16 interviews as well as a
confirmative survey to further refine and evaluate the model. The ex-post model
consists of five categories and 28 sub-categories of mHealth adoption.
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1 Introduction

Urinary incontinence (Ul) is a major urological health issue estimated to currently
affect 423 million people worldwide [1]. The involuntary leakage of urine is
characterized by various lower urinary tract symptoms (LUTS) [1-3]. Due to its
widespread appearance, LUTS have a huge social and economic impact [4, 5].
Conventional aids predominantly contain unhygienic and cumbersome attributes [6, 7].
Mobile health (mHealth) interventions have the potential to significantly improve both
the quality of life and the quality of care of those suffering from LUTS [8-10]. The
mHealth market and the number and variety of mHealth solutions are rapidly expanding
[9, 11]. Also, the amount and diversity of research concerning mHealth are quickly
growing [8, 9]. However, mHealth applications regularly lack in user acceptance and
fail when entering the market [12, 13], as a consequence of research and practice
lacking knowledge of factors that influence the adoption of mHealth solutions through
chronic disease patients, such as patients suffering from LUTS [11]. Designing such
devices with the objective to ensure later user adoption needs further guidance and
structure and could build upon such knowledge [8].

In this research-in-progress study, we aim at presenting a model for the adoption of
mHealth solutions by patients suffering from LUTS and deriving principles for
designing mHealth interventions. We, therefore, develop and evaluate the model along
{blinded for review}, a mHealth device to support patients suffering from LUTS in
their daily routines and prevent harmful incidents.
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At the outset, we conducted a systematic literature review to build an ex-ante
adoption model. Subsequently, we applied an action design research (ADR) approach
[14] to revise the adoption model in action and develop an mHealth solution, which
noninvasively determines the filling level of the urinary bladder and displays the filling
level to a digital end-device. For designing the mHealth solution both potential users
and other relevant stakeholders must get involved in the design process [15, 16].
Equally split in the a- and pg-cycle, we conducted 20 semi-structured interviews with
patients suffering from LUTS and twelve with selected experts in various LUTS-related
fields. To evaluate and validate our constructs in a larger setting, we currently conduct
a survey as last part of the S-cycle of our ADR approach. On this base, we conclude
with the ex-post adoption model that we call the Chronic Disease mHealth Adoption
Model (CDmHAM) and derive principles for designing such mHealth.

2 Background

On a higher level, Ul is a part of various LUTS. According to current definitions, the
term LUTS comprises symptoms occurring in consequence of diseases affecting the
urinary bladder and the urethra [17]. Depending on their characteristics, these
symptoms can be divided into four categories: symptoms concerning Ul, bladder
storage, voiding, and post micturition [17]. Many patients suffer from perturbing
symptoms that influence their health-related quality of life and life expectancy [1].
LUTS come along with high stigmatization and hence psychological problems for those
affected [1, 4], and are still a source of morbidity and mortality [1, 18]. Conventional
aids exist to manage LUTS, and they are as manifold as the symptoms themselves [6].
Amongst others, they include absorbent and draining Ul aids, medicaments, surgical
and minimally invasive therapy options, electrical stimulation or biofeedback, and
strengthening training for pelvic floor muscles [4, 6]. They have in common that they
contain unhygienic or cumbersome attributes [7].

Due to their widespread appearance and insufficient means to counteract their
symptoms, LUTS have a huge socio-economic impact [4, 5]. In Germany, solely Ul
was estimated to cause total costs of €4 billion for the entire health system in 2002 [4].
Furthermore, costs are predicted to rise to more than €6 billion until 2050 due to the
demographic change [4]. However, experts also predict that the use of digital
technologies such as wearables and sensors has the potential to reduce the overall health
care costs [10], and will further extend life expectancy and improve the quality of life
of those affected [19]. Such wearable health technologies can be categorized as
”mHealth”, which is defined as a “medical and public health practice supported by
mobile devices” [10].

As multiple LUTS result from missing knowledge on the filling level of the urinary
bladder, an mHealth solution to digitally output that information would be of significant
value. On the one hand, unwanted spontaneous micturition or backflow of urine can be
avoided, which occur due to an unnoticed exceeding of the filling level of the urinary
bladder. On the other hand, daily planning of micturition can be significantly improved.
Yet, under which conditions patients would adopt such an mHealth solution and how it



should be designed remain unclear. For this reason, we investigate the adoption and
design of such a sensor system throughout the study at hand.

3 Research Approach

We first conducted a literature review to develop an ex-ante model of factors that
positively affect the intention of patients suffering from LUTS to adopt the intended
mHealth solution as a foundation for our ADR project, which will bring the adoption
model and the sensor system for supporting LUTS as artifacts. Within the a-cycle of
our ADR approach, we developed large parts of the ex-post model as well as the sensor
system. The ongoing f-cycle will help us further to evaluate, incrementally enhance,
and confirm the results of the a-cycle to finally conclude with the CDmHAM and derive
design principles from the so-built sensor system.

4 Developing a Chronic Disease mHealth Adoption Model

4.1 A Literature Review to Build the Ex-ante Model

To build the ex-ante adoption model, we conducted a systematic literature review [20—
22]. We searched and screened titles, abstracts, and keywords of 302 papers in the
interdisciplinary online databases PubMed, IEEE Xplore, AlSeL, Epistemonikos, Web
of Science, ScienceDirect, and EBSCOhost [23, 24]. As search terms, we selected
“mHealth”, “mobile health”, ”noninvasive”, “chronic disease”, ’chronic illness”, and
“health care”. Further operationalizing our selection by implementing a four-point
Likert scale, we allocated 60 papers and added another seven papers during forward
and backward search to conclude with 67 papers for in-depth analysis [25].

We analyzed the 67 papers identified with open, axial, and selective coding
borrowed from Grounded Theory [20-22]. During the iterative coding process,
constructs, sub-categories, and categories changed dynamically. Finally, the ex-ante
adoption model consisted of five categories (i.e., users, perceived benefits, hard- and
software, data, external conditions) and 21 sub-categories.

4.2  Action Design Research to Build the Ex-post Model

Our ADR project consisted of the four regular stages [14]. First, we formulated the
problem, and explained the methodical setting of our building, intervention, and
evaluation stage, in which we involved researchers, practitioners, and users and carried
out four design and evaluation cycles. In parallel, we followed reflection and learning
to conceptually evolve from building an artifact for a specific purpose to deploying the
emerging understanding to a broader class of problems [26]. Finally, we close with
stage four that is formalization and learning generalizing our findings to receive
superordinate knowledge.



The a-cycle

To gain an in-depth understanding of the intention of potential users to adopt our
mHealth solution, we conducted semi-structured interviews with potential users and
practitioners. In the a-cycle, we iteratively interviewed ten patients that suffer from
multiple sclerosis, paraplegia, Parkinson’s disease, spina bifida, or stroke. Furthermore,
we interviewed six practitioners from urology, neuro-urology, paraplegiology, or
physiotherapy. We stopped the interview process in the a-cycle after these overall 16
interviews since we realized that only marginally new knowledge emerged and
conceptional saturation had been achieved [27].

The p-cycle

To ensure generalizability of our findings and their applicability in practice, we added
new interviewees in the g-cycle. The ten new patients suffer from inborn LUTS,
multiple sclerosis, paraplegia, Parkinson’s disease, prostate cancer, stroke, or various
neurological damages. Furthermore, we interviewed six practitioners from day care of
demented patients, paraplegiology, physiotherapy, or urology. We again stopped the
interview process in the g-cycle since we realized conceptional saturation [27]. At the
outset, all interviewees had time to analyze the a-version of the sensor device.
Interviews in the #-cycle were largely of confirmatory nature, though we still gave all
interviewees the opportunity to complement new insights [14].

On the base of these findings, we currently build the ex-post model (i.e., the
CDmHAM) and finalize the sensor system. We found five categories and in total 28
sub-categories. First, the category users is characterized by accessibility, customization,
initial user briefing, and constant user consulting. Second, perceived benefits split into
usefulness, autonomy, convenience, comfort, mobility, and unobtrusiveness. Third,
hardware and software build upon safety, reliability, performance, durability, hardware
fixation, design, interoperability, and connectivity. Fourth, in terms of data, generation
and integration, storage and access, analysis, feedback on usage, transfer, and privacy
are relevant. External conditions, fifth, are determined by ongoing maintenance, costs,
health insurance involvement, and provider involvement. Furthermore, we identified
following pivotal principles for the design to be adopted so far: miniaturization,
flexibility, light weight construction, and smooth surface, e.g., to provide mobility,
unobtrusiveness, and comfort. Since our work is still in progress, we aim at
complementing these principles to a more comprehensive catalog of design principles.

Additionally, we currently conduct a survey to evaluate and assess our findings in a
larger setting. Thereby, we aim at understanding the relevance of our sub-categories
identified [28, 29]. In the survey, we asked participants to rate our sub-categories
concerning their relevance. Here, we extended the scope by recruiting patients as well
as assistants that support individuals suffering from LUTS. A total of 361 individuals
took part in the survey, yet.

The CDmHAM and its derived design principles could contribute to theory and offer
practical insights to successfully establishing mHealth interventions. As a research-in-
progress project, we look forward to receiving valuable comments and suggestions to
improve this work in the future.
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