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ABSTRACT
Digital assessment and graphical feed-
back of patient-reported outcome meas-
ures such as the Health Assessment 
Questionnaire (HAQ) could increase 
empowerment and involvement of pa-
tients in their own care process. The 
App ecosystem that Reade is building is 
an example of how digital assessment 
using mobile devices can be integrated 
into existing hospital IT infrastructure.

Introduction
Patient expectations of health care ser-
vices continue to grow and the num-
bers of patients with (combinations 
of) chronic diseases, including patients 
with rheumatoid arthritis (RA) and co-
morbidities, are increasing due to the 
aging of the western populations. In a 
series of publications, health economist 
Michael Porter (1-3) makes a case for 
working towards value for patients as 
the overarching goal for health care 
delivery, with value defined as patient-
reported outcomes (PROs) relative to 
costs. As such, outcomes that are im-
portant and meaningful to patients, 
such as pain, function, fatigue, sleep, 
emotional wellbeing, physical well-
being and coping/self- management de-
termine the reward for all other actors 
in the system. PROs have been found 
to be at least as informative as formal 
joint counts, laboratory and radio-
graphic data for the assessment of RA 
activity at baseline, change during in-
terventions, and are predictive of long-
term outcomes such as premature death 
and work disability (4-7). Furthermore, 
PROs also bring additional information 
in the assessment of RA since there is 
a discordance between the patient’s and 
the physician’s perspective (8-14). 
The implementation of eHealth and 
empowerment of patients to be in-
volved in their own care process, have 
been suggested to modernise health 
care, reduce costs and preserve the 

values to which health care systems as-
pire: delivering the same foundation of 
evidence-based care, no matter where 
a patient lives or whom a patient sees.

Health assessment questionnaires 
The Health Assessment Questionnaire 
(HAQ), published in 1980 by the Stan-
ford Arthritis Center (15) is among the 
most-widely used PRO instruments that 
represent a model of patient-oriented 
outcome assessment. Various collection 
methods have been validated, such as 
by telephone, mail and in the outpatient 
clinic. The HAQ, and the modified ver-
sion MDHAQ/RAPID3 (Multi-Dimen-
sional Health Assessment Question-
naire/Routine Assessment of Patient 
Index Data) correlates well to clinical 
outcome measures such as DAS28 and 
provides valuable additional informa-
tion on RA activity in addition to clini-
cal measures, laboratory results and ra-
diographs.  (16-17)
Following the trend of Value Based 
Health Care (VBHC) instruments like 
the HAQ/MDHAQ play an increasingly 
important role in modern medicine. This 
puts certain requirements on the associ-
ated infrastructure, clinical workflow 
and most importantly, it requires time 
and effort of the care providers who are 
already burdened with many admin-
istrative tasks. In order to circumvent 
these problems, we need to find a way 
to incorporate PROs in both the patient 
and care provider’s daily workflow.   

Digital health assessment 
In order to alleviate some of the issues 
related to paper forms, doctors and 
nurses typing results in an Electronic 
Medical Record (EMR) or the inability 
of most EMRs such as our own to fully 
integrate PROs, Reade started a new 
project at the end of 2015 to cope with 
these problems. 
The first goal was to digitise PROs, al-
lowing electronic questionnaire assess-
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ment, but more importantly, integrating 
the clinical data like laboratory results, 
radiology reports and severity scores 
with the PROs. Integrating clinical out-
comes and PROs required a modifica-
tion to the IT infrastructure, building 
a new system on top of the EMR, the 
legacy systems and the various other 
data sources in the hospital. (Fig. 1) 
This is mandatory if one wants to truly 
integrate patient data across all sys-
tems. At the same time new data like 

scores resulting from PROs had to be 
written back to the appropriate destina-
tion, in our case the EMR, in order for 
care providers to actually see the out-
comes in real-time during outpatient 
clinic visits.
By fully integrating clinical and pa-
tient-reported outcomes the care pro-
vider has a better insight with regards 
to disease activity, treatment effect 
and other issues that might otherwise 
go unnoticed. Secondly, by discussing 

the scores during visits the patient will 
gain an understanding in the benefits of 
filling in the questionnaires during each 
visit. This will also add to the sense of 
control and empowerment, because the 
results of completing a questionnaire 
are tangible and have an effect. Finally, 
electronic data capture is reported to 
improve response ratios, decrease er-
ror rates and is generally perceived as 
more user-friendly than traditional pa-
per questionnaires. (18-19). 

Future possibilities 
The second phase of the above men-
tioned program is to extend our PRO 
infrastructure outside the walls of the 
hospital. In order to do this, we are 
building a Reade App which will be re-
leased in all large App stores, like Ap-
ple’s AppStore and Google’s Play Store. 
The Apple iOS App is nearing its first 
public release (end of summer 2016), 
allowing patients to assess and send 
completed HAQ/MDHAQ question-
naires from the comfort of their homes, 
or e.g. while waiting for the bus. By 
using the native notification options of 
smartphones patients no longer receive 

Fig. 1. IT infra-
structure to support 
Apps and Electronic 
Medical Record 
(EMR) connections.

Fig. 2. Examples 
of the iPad and 
iPhone Apps.
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e-mails with instructions, the App itself 
can notify a patient to complete a ques-
tionnaire. Completed questionnaires 
will be instantly transformed to easily 
readable and comprehensible scores, so 
the patient gets useful feedback and can 
interpret the results without the need of 
a care provider. This is done by show-
ing results in a graphical way, supple-
mented with context and reference val-
ues when applicable (Fig. 2).
Another exciting feature that becomes 
available when using smartphones is 
the availability of built-in sensors such 
as accelerometers and gyroscopes. We 
are currently performing a Proof-of-
Concept with 15 RA patients and 15 
control users to assess their gait char-
acteristics and correlating these with 
RAPID3 scores and laboratory results. 
We use Apple’s ResearchKit to collect 
surveys, sensor data and consent decla-
rations. We eventually hope to deploy 
activity measurements as an additional 
parameter in assessing disease activity 
and treatment progress.
The App ecosystem that we are build-
ing will lower the burden for patients 
to start sharing their health information 
with their care provider, in the form of 
PRO’s, activity monitoring and struc-
tured complaint/symptom reporting, 
and it will likely also increase compli-
ance and give patients a better under-
standing of their disease.

Conclusion
The expected results of such a mobile 
eHealth infrastructure potentially im-
pacts important issues related to RA 
management and are relevant to many 
different stakeholders at different levels: 
Patients: e-monitoring can decrease 
the burden of patients to visit the health 
care facility for minor check-ups. Fur-
thermore, e-monitoring will empower 
patients to manage their own illness. 
The use of PROs ensures that patient 
important aspects of RA are registered 
and monitored in a standardised way. 
Real-time insight in their own care 
process will lead to increased compli-
ance from patients with their treatment 
plans. Allowing patients to add care 
data to their own EMR record increases 
awareness and empowerment. 
Clinicians: rheumatologists are pro-

vided with additional information to 
optimally understand and treat their 
patients. There will be more dedicated 
time for complicated patient care. 
Scientific community: a new patient-
centered method to optimise data col-
lection in rheumatology care will be-
come available, expanding the field of 
research on health monitoring in RA.
Society: It is expected that adoption 
of e-Health applications can substitute 
some of the care provided by physi-
cians. This makes health care less ex-
pensive. Patients that do not have to 
come to the clinic on a regular basis, 
increase their productivity, which is a 
(financial) benefit to society. Also, eval-
uating new treatments and reassessing 
current treatments becomes easier and 
cheaper, allowing more stringent selec-
tion and reimbursement policies.
In RA, outcomes that are important and 
meaningful to patients, such as pain, 
function, fatigue, sleep, emotional well-
being, physical wellbeing and coping/
self- management determine the reward 
for all other actors in the system. Giv-
ing patients an e-health tool to measure 
and receive feedback on these domains 
should improve empowerment (satis-
faction, confidence with the system) 
and facilitate patient initiated care, cre-
ating an value-based health care system 
for RA.
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