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Abstract

Background Controlling Hypertension requires commitment tnd-term lifestyle changes,
including drug therapy. The leading cause of metiticafailure is due to patient non-adherence.
Several interventions have been implemented tougage drug adherence, but they are based on
a reactive approach. That is, they are not preveéwdaof non-adherence behaviour, because they
do not facilitate the “prediction” of one’s futuradherence level.

Objective: Todevelop and evaluate a risk assessment tooletp primary care clinicians to
predict their patients’ antihypertensive medicataatherence behaviour.

Methods: The development and evaluation of the risk assa#stool “T-LIGHT” required a
literature review, and the results of a correlatadnstudy. This study was conducted in an
Auckland—based Primary Care clinic, by extractingridentified patient data from its Practice
Management System (PMS). The data was analysedddication Possession Ratio (MPR)
alongside the Social Determinants of Health.

Results:The T-LIGHT project is that of a proof of conceptl has shown potential in predicting
antihypertensive medication adherence patterns.

Conclusions: More research is needed to evaluate the incorporatif T-LIGHT into a PMS.
Additionally, because it requires an adjustmenttlie daily practice of primary care clinics,
consultation with them is needed to ensure appaderprocess changes and that it will be used
effectively.

1. Introduction

Hypertension is still the leading cause of monaiiit both developed and developing countries [tLhds been called
the “silent killer” due to its almost asymptomatiature; leading to Stroke, Chronic Kidney Disease @ardiovascular
Disease, to name a few [1, 2]. Current treatmerthatts include drug therapy, which is usually prigsat on a long
term basis, and at times requiring a combinatiotwaf or more drugs [3]. Although research in metimaadherence
in New Zealand is somewhat limited, internationatiyhas been found that long-term adherence is keven in
countries like New Zealand where cost is not andgd]. This suggests that there may be other fadtat influence
this behaviour. Health professionals have trieérioourage their patients to persist with their &tibns, and in the
process have discovered that the reasons for poommpl@ance are various [5]. Moreover, current managyat
approaches tend to be centred on a retrospectatel'aip” basis instead of a preventative one.

In the field of Health Informatics, Mabotuwana anrren developed an ontology-based framework thathe used
to clearly identify hypertensive patients who néede followed-up (retrospective approach) [6]. if fimmework has
not been used to predict a patient’s risk of noneseince to their prescribed medicine (prospectpgraach). This
limits the ability of a health care provider toemctive response to health issues and behavideathsf proactive.

Meanwhile, in the Population Health disciplinehés been strongly indicated that the current ghilfitthe healthcare
sector to deliver effective services is highly degent on addressing the social, cultural and ecanoamtext in which
poor health behaviour may occur [7]. The Socialeb®inants of Health Model (SDHM) outlines the magmrcial,

cultural and economic determinants of health (bema\8]. This model can be used alongside an aislpf

antihypertensive therapy adherence data to creagk assessment tool for primary health care plend to use. This
paper aims to provide a proof of this concept.

The high level of computerisation in community-lihgerescribing and dispensing has ample potentigbrtwide
opportunities for clinicians to improve serviceidety for their Hypertension patients. One such gy identifying
and providing brief interventions for patients wén@ (at risk of being) non-persistent with theititlypertensives. The



risk assessment tool, discussed in this artichasad introduce a Population Health perspectivthéofield of Health
Informatics and Innovation in primary care.

This research aimed to extract prescription datmfa General Practice (GP) PMS, analyse it foepadt and by using
the SDHM, come up with a suitable risk assessmauit tb be used by clinicians when prescribing matihn to

patients with hypertension. The purpose of the tisoto help in identifying people on long term meation

prescriptions who are at a higher risk of non-fsesice with their prescribed medication therapyyeanough for

clinicians to adjust their service delivery. Thitide chronicles the development of this tool, dsdevaluation.

2. Methods

The development and evaluation of this risk assesstool was part of a Masters Research Portfalil, spanned the
period of one year. A Meta-Narrative literatureiesy, following Greenhalgh’s phases [9], was conddadh order to
inform the development of the risk assessment taadlitionally, the findings of the literature rewealso informed the
correlational study, which used methods of archreslearch. Thus the purpose of this study was talsoform the
development of the risk assessment tool. The stwaty carried out by extracting antihypertensive gription data
from an Auckland-based GP clinic and analysingoit Medication Possession Ratio (MPR) patterns. dh&a
extraction process was done by temporarily downfgadhe software created by Mabotuwana and Wamethé
participating clinic’'s PMS (Medtech32), and was aumce to produce a report for analysis. The quedeavas set by
an assisting research technician to collect datbrépresented aspects of the SDHM for populateaith, such as age,
employment status, marital status and street natis.was in addition to collecting data on MPR. MRR relates the
prescriptions to expected/good practice prescmpgpieriods and the actual periods between times \phtants return
for repeat prescriptions [10, 11].

Considering the correlational study’s findings avitht the literature suggested, the researcher fthatdthe existence
of meaningful social support surrounding a patietbng with knowledge of the chronic condition angportant
determinants of patient self-management and adberenantihypertensive medication. The researcéeiddd that this
tool should encompass the following:

1. Social Support (availability)
2. Patient knowledge of Hypertension (literacy anduaacy)
3. Patient past experiences (with the health sect? an medication)

Prior to designing the tool, the researcher coadultith the participating clinic on their day toydaractice. This was
very helpful in highlighting that, for this tool toe used appropriately, it would need to be apph&Hin the practice
PMS, i.e. in an electronic format as part of thégue’s visit to their doctor. The researcher sugigd a pop-up window
type of alert to appear on the computer screen ederthe clinician is looking at the respectiveigrats information.
This alert would let the clinician know of the matt’'s estimated predicted adherence level. Thisquickly dismissed
by the participant. He stated that this type oftal®uld be more irritating than helpful, and conigd to elaborate that
any tool that would contain the following charagdtics would be a hindrance to daily workflow:

1. Hardcopy format —everything they do is on an etattr basis, and all hardcopy initiatives would @bly never
to be used.
2. Loud-sounding alert -this may become irritatingtte clinician, especially if it happens during aigiat visit.

3. Visual alert (pop-up window) - there is enough be tomputer screen as it is, and a pop up windowldvo
make things more cluttered.

2.1. Tool Design

The following design is a description of what thHimic PMS software could include in order to efigety alert the
clinician of the predicted patient’s adherencengtiThis rating is based on a combination of ttexditure findings and
the correlational study findings.

2.1.1. Data Collection

Table 1 outlines the information that needs to &thered by the clinic and entered into the PM3yssto be interpreted
by the software and result in an estimated adhereating (per patient).



Table 1 — Data Collection Outline

Data Medtech32 Field

Characteristics of the social support available téhe patient

Does any form of social support exist for the pafle “Daily Record” Field (a Free-Text field)

“Next of Kin” Field. But this usually can only
In what form is it available (health professionals | take the details of one person. Therefore the fest

family, friends, or co-workers) would have to be entered into the Daily Recofd
field.
How often are they available? “Daily Record” Field

How much do they know about the patient’s health

requirements? “Daily Record” Field

How reliable is the source of social support? &rg.

they punctual when transport is needed? Daily Record” Field

Patient Past experiences / Behaviour
(Not exclusive to Hypertension, but must be regardig a chronic condition)

Has the patient forgotten to take medication béfore “Daily Record” Field

Has the patient had severe and off-putting sideceffof

medication before? Medical Warning field

Patient awareness of Hypertension

What does the patient know aboutthe causes of kiypsion? | ‘Daily Record” Field

What does the patient know about the severity @if th “Daily Record” Field
Hypertension?

What does the patient know aboutthe severity ofetigmsion | «paijly Record” Field
in general?

What does the patient know about the treatments of

Hypertension, e.g. lifestyle changes, medication? Daily Record” Field

The main noticeable observation of Table 1 is Matitech32 does not have specific fields for eaelegiof data to be
entered into. This means that in order for oneotik Iback over a patient’s records, one would havsft through the
free-text field “Daily Record” until they find whahey are looking for. Moreover, for the functioiyalof T-LIGHT, it
would be difficult for the software to isolate tHata needed to be interpreted and then producesthmated adherence
level rating.

10



Table 2 — Colour Code Changes in T-LIGHT and Possik Actions

Colour Code Change To the Worse Possible Intervemn

Ask the patient how they feel the change in their
life (that triggered the colour code change)] is
affecting them.

From any To Green - Offer them some support services that may help

More importantly, check their MPR (if possible) Jto
see if this change has indeed affected their
adherence level.

From any to Yellow - Same as above

Check their MPR, or do a blood test to see their

medication levels in their blood.
From any to Red
Enquire after the change in their lives, and hosyth

can be supported

Colour Code Change for the Better Possible Interveion

Enquire regarding the change in their life (that
triggered the colour code change).

Check their MPR or any other indicator pf
adherence available to the clinic.

From any colour code to a better one . Ask how they are feeling about their Hypertensign

Any other way of learning about (what works) for
the patient to keep up with their medications.

2.1.2. T-LIGHT — a proof of concept

The resulting product, named “T-LIGHT”, is a simp@®n that would appear on the first computer stre¢hich is
usually the patient information page. The icon $thdne a kind of traffic light icon that would givgecolour code for the
patient as soon as the relevant information isredtéor altered for existing patients). This trafiight should change
according to any changes in the patient data. Hbte deeded for this tool falls under the generatepts of patient
knowledge of their condition, and more importantdypatient social support. The former is arguablyst useful when
dealing with new patients. Whereas the former isentn@Ipful for current patient; That is, if a patidoses their partner
(marital status change) then their predicted adioereating should change also. According to tleediure findings and
the correlational study findings, adherence to wegthn would more likely change for the worse wisemeone is not
(any longer) in a committed relationship as a sewfctheir daily social support would no longerayailable, to name
one reason [12]. Therefore, the patient’s traffibi may go from green to yellow, thereby alertthg clinician to keep
an eye out for this patient’'s adherence to thelihgpertensive medication. Although recommendatifomsa clinician
intervention when the colour changes for the wassdoeyond the scope of this research, Table 2 offerme
suggestions that can be built upon in future retear

Figure 2 illustrates the possible location for TheIGHT icon; the “Dashboard”. This Dashboard waggested to the
researcher as a good location for T-LIGHT by theigigating clinic, as it would always been seenhait interfering

with or be hidden by any sub-windows. Sub-widowdude the Patient Register, Provider Informatiana dNew Task
window as shown in Figure 2.
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A A, AU, AU Bue - Complete adherence

Green — Moderate Adherence
Yellow — Mild Adherence

Red — Non -adherence

Figure 1 - Visualisation of T-LIGHT
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Figure 2— Medtch32 screen shot of a demo (test) patient

3. T-LIGHT Evaluation

Evaluationhas been viewed in the past as a method of prdahimgvorth of a new health programme, or that aage
drug is cost effective, or that a certain policypé&ng implemented properly, or even as a judgemmEhtiman resourc
performance [13]. However m@days, though the aforementioned roles of evalnadiill apply, it is and should t
predominantly used to improve what it has been cimsioned to work ol Mainly, to explain and report possit
process obstacles that may have led to undesitedroes and suggest ways of improvement. It is importarmetdise
that though research is a big part of evaluatiogy are most certainly not interchangeable te

3.1. Evaluation Purpose

The goal of this particular evaluation was to di@owhether -LIGHT would be suitable for developing medic
software further, in order to predict patient levef adherence to Antihypertensive Medica

The evaluatiobjectives were to exami the suitability of TEIGHT for permanent use, as well as to better ustded
both current and new patients.
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This was by no means an extensive evaluation mgef duration or complexity, instead it was meanbe a simple
yet concise way to further develop and improvediwecept of T-LIGHT.

3.2. Evaluation Method

This evaluation was conducted through an interwiéth the study participant post creation of T-LIGHThe tool was
presented to the participant (on hardcopy), aref &fiving been given time to fully look over it afiod questions to be
asked regarding its intention the interview began.

The interview questions are given in Appendix leyttwere designed to reflect overall the goal of ¢haluation.
Additionally it was importance for them to be opemded to allow for as much feedback as possible.

The researcher took handwritten notes of the ir@enand answers to the interview questions. These analysed
post-interview, through manual thematic analysi.[1

3.3. Evaluation Limitations

This evaluation report was conducted on T-LIGHT dedeloped by the researcher. Because its develtpwas in

partial fulfilment of a yearlong Masters’ DegreeRunblic Health, T-LIGHT has not yet been appliecomctice, and
thus an evaluation of its application in practisestill needed. Moreover, since the evaluation e@sducted by its
developer, an outside evaluator will need to bern@sioned for its future evaluation in order to w@esobjectivity.

Additionally it was not evaluated for a long enoumgiriod to appropriately test it. It is safe to #agt T-LIGHT is still

a nebulous tool, but is one that has much potentiéd recommended that more research is condumteits use and
application. Furthermore, should it be incorporatsda software developer, an independent evaluatmuld be
commissioned in order to objectively and comprehehg evaluated its effectiveness.

3.4. Evaluation Results

There were two main themes that emerged from thkiation’s thematic analysis.

3.4.1. Workflow Disruption

The main concern for the participant and his cliwgs the risk of disruption to their daily workflown order for any
new tool to be used in daily clinical practice, omeuld need to incorporate it into the existing lworotocol. The GP
was adamant that:

“...it would need to be something that would be patible with the existing system that we use”

The information that is required for T-LIGHT wasiginally suggested to be collected by the clinisiaamly. The
participant suggested that it can be collectedthgrs in the clinic. The issue is, however, that itiformation would
need to be assigned according to its sensitivitiy cbnfidentiality reasons. Therefore, the recapsiocan collect the
demographic information, and social support infaiora Meanwhile, the clinicians (doctors and / amrses) can
collect the more sensitive (clinical) informatidhwas noted that this delegation of data collectian spread out the
disruption to the existing workflow, thereby recugiits degree. However, it was important to ndiaf the information
to be collected by the receptionist or other adstiative staff would need to be done on hardcosy. frhat is, due to
their proximity to the waiting room, and thus withgar shot of others, a patient would need tafill a form, and then
the information can be entered into the PMS. Whgraden the patient is with a clinician and outeafshot, the
clinician can simply ask the questions and immetijatnter it into the PMS. Therefore, the clinipatient registration
form would need to be amended to include the sacipport questions.

Although they do realise that even an amendmettieiv work protocol would cause at least a tempodasturbance,

its benefit must outweigh its cost (in time). Ongggestion to reduce the risk of workflow disruptieras the

development of an “online” aspect of the tool. Tisaif the data to be collected can be collectgtidving each patient
enter it themselves into a confidential web page kinks to the clinic’'s PMS, then the workflow diption would be

markedly reduced. This was emphasised when then@i€ated that:

“The more you can get done online the betterfibisvorkflow”.

However, one positive feedback was that the ansteetzese additional questions would be very hélpfid beneficial
for the clinic to have, when the participant stateat:
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“The more you know about a patient (that wouldptraibgnosis and treatment) the better”

Lastly, it was suggested that only the data catbecside of T-LIGHT can feasibly be done by thenidis staff. The
data interpretation must be a computational prgdéegbat it must be done by the software itseHisTis because data
interpretation and the subsequent colour codingldvadd more than what is an appropriate amouninté aind effort
on the clinic’s part. And thus T-LIGHT would not bsed, as it would not be seen by the clinic assa effective tool.

3.4.2. Data Collection Questions

The participant felt that some of the questionsté€li in Table 1) might not be appropriate for thé&gmt — clinician
relationship. For one, some of the questions mayns® a patient though they have a “blaming” coatioh. The
participant further explained that he suspectedl ttia patient may become ashamed of their pastvimita and may
not be as truthful as they should. This was espgdiae case with the following data collection gtien: “Has the
patient forgotten to take medication before?” Tduestion would need to be re-phrased to removesange of blame
so that the patient feels comfortable admittinggédting the medications wrong sometimes. He sugdettat any
guestions like these need to be solution-focusdddt if the questions are solution-oriented aih ¢get the ball rolling
in getting the patient involved in their treatmerd’ stated by the participant. Based on his stiggeshat particular
guestion was rephrased as follows:

“Some patients don't always find it easy to rementhking their medications, how are you finding' it?

The clinician went on to add, that if a web linkttee PMS were to be created to collect the datearit be used to
display data to the patient, so they can see titegress, and become more involved in their hgallh. This would
not only increase the likelihood of them updatihgit data, but it would keep communication goingween health
provider and patient at minimal (fiscal and time}icto both.

4. Discussion

Many have indicated that preventative measureseamore cost-effective than treatment [15, 16]sT™ould in turn
require some form of predictive approaches to dbroare management of Hypertension. That is, acéin may need
to have some form of idea of the likely adhereneledviour of their patient, in order for them tddatheir approach to
helping the patient in managing their Hypertension.

Making predicative decisions can be complex, arglires time-consuming research; as a result, seirgtiatives
have developed computerised decision support sgstenPrimary Care Practitioners (PCP) to use [Offe such tool
currently available in New Zealand is the PREDICVEC[18]. It has been implemented in primary caraqpices in
Auckland and Northland. The tool assesses a patieisk of developing Cardiovascular Disease. Sin, the
purpose of the T-LIGHT tool was to help in identify patients who are at higher risk of non-persistewith their
prescribed medication routine early enough foriciéms to adjust their service delivery.

T-LIGHT was developed in consultation with a papating Auckland-based Primary Care clinic. Thieakd for the
researcher (T-LIGHT'’s developer) to understandribeds of the tool's future users. This experienas feund to be
invaluable to the researcher. However, it was dytite evaluation of T-LIGHT that the researcherriethe two most
significant lessons; the complexities of changimg éxisting workflow of a primary care clinic, atige capacity of the
(Medtech32) PMS software used.

4.1. Changing the Existing Workflow

This was found to be an almost political processrify the implementation of the correlational stuthe researcher
learnt that in order for a tool to even be piloteé clinic, EVERY staff member would need to basaited. Although

this can be an arduous process, it was stronglyesigd to the researcher that it would be the walyto guarantee the
tool’'s appropriate use. Any other way of introdgcantool would be seen as forced upon the cliniis Bbservation is
supported by the literature about change manageingat to health IT projects [19].

4.2. Current Capacity of Medtech32

In order for T-LIGHT to work data, additional toethnorm (seen in Table 1), needs to be routinelyectd.
Additionally it needs to be collected (and enteirgd the PMS) in a way that would be distinguisieatd the software
for the interpretation process to occur. Howevee, dnly fields that are available in the currentsian of Medtech32
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do not allow for the information to be distinguibte Instead there are predominantly fields thiawafor the entry of

data in free text form. It is recommended to eshbdpecific fields for collecting the data thatukd speak to the T-
LIGHT code. Alternatively, the use of controlledcabulary within the existing free text field maype to be just as
helpful. This controlled vocabulary system woule yse-defined terms that would in turn speak toTtheGHT codes

and trigger the colour change. However, the exfitimeof this type of syntactic analysis is beyohd scope of this
particular paper, so its exploration in future e¥sé is highly recommended.

5. Conclusion

The T-LIGHT Risk Assessment Tool was informed bpsdtation with the participating clinic, the fimdjs of a Meta-
Narrative literature review and the findings of@relational study using archival research methtidsas developed
using de-identified archival patient data of angibstensive medication MPRs, along with the SDHNprtofile patients
of various medication adherence levels. The resultthich was a proof of concept project leadingatprospective
clinical alert called T-LIGHT. It was inspired bgdls such as PREDICT-CVD [18], to help cliniciansestimating a
patient’s future medication adherence level.

The T-LIGHT study reported in this article is a pff concept project and is recommended for re$ess and

medical software companies, for further investigatiT-LIGHT has much to offer to the improvementoimary care

service delivery to Hypertension patients, and mpid#ly to other patients. The latter can be a #adous research
opportunity; building on T-LIGHT so that it can bpplied to all chronic condition patients.

6. Acknowledgements

This article was component of a research portftiat was in partial fulfilment of a Masters in PicbHealth, at the
University of Auckland. | would like to thank thesssting technician Hong Yul Huang, who adjusteel sbftware
guery codes, and installed the software in thaqipating clinic’'s PMS (for the correlational stydy

7. References

[1]  Perkovic V, Huxley R, Wu Y, Prabhakaran D, MacMat&nThe Burden of Blood Pressure-Related Disease: A
Neglected Priority for Global Health. Hypertensidournal of The American Heart Association. 200{6}8.

[2] World Health Organisation. Burden. Geneva: Worldalte Organisation; 2010 [cited 2010 March]. Avai@ab
from.

[3] New Zealand Guidelines Group, New Zealand MinistfyHealth. New Zealand cardiovascular guidelines
handbook a summary resource for primary care pi@atrs. Wellington, N.Z.: New Zealand Guidelineso@p;
2009 [cited. Available from: http://www.nzgg.org/gmidelines/0154/090202_CVD_web_pdf Final.pdf.

[4] Warren J. General Practice EMRs: What they caruggland how. Health Care and Informatics Reviewn®n
2007;11(4):9.

[5] Costa FV, D'Ausilio A, Bianchi C, Negrini C, LopaHo S. Adherence to antihypertensive medicatiois:
review and update. High Blood Pressure and Cardimar Prevention. 2009;16(3):101-10.

[6] Mabotuwana T, Warren J. An ontology-based apprdachnhance querying capabilities of general practic
medicine for better management of hypertensiorifigigtl Intelligence in Medicine. 2009;47(2):16.

[71 Marmot M, Friel S, Bell R, Houweling TAJ, Taylor €losing the gap in a generation: health equitpufh
action on the social determinants of health. Thecka 2008;372(9650):9.

[8] Cannon R. The Social Determinants of Health. Unkxyuth Australian Council of Social Service; 20B&port
No.: 978-0-908293-53-7. Contract No.: 978-0-9088337.

[91 Greenhalgh T, Robert G, Macfarlane F, Bate P, Kjdiau O, Peacock R. Storylines of research in diffo of
innovation: a meta-narrative approach to systenmatiew. Soc Sci Med. 2005;61(2):417-30.

[10] Warren J, Gaikwad R, Mabotuwana T, Kennelly J, Kdnd. Utilising practice management system data fo
quality improvement in use of blood pressure longrimedications in general practice. The New Zealand
Medical Journal. 2008;121(1285):10.

15



[11] Blandford L, Dans PE, Ober JD, Wheelock C. AnalgzMariations in Medication Compliance Related to
Individual Drug, Drug Class, and Prescribing PhigsicJournal of Managed Care Pharmacy. 1999:4.

[12] Curtis R, Groarke A, Coughlan R, Gsel A. The inflae of disease severity, perceived stress, sagiglost and
coping in patients with chronic illness: a 1 yeafldw up. PSYCHOLOGY, HEALTH & MEDICINE.
2004;9(4):19.

[13] Mayor S. Health department to fund interferon betspite institute's ruling. British Medical Journal
2001;323(1078).
[14] BraunV, Clarke V. Using thematic analysis in pgylolgy. Qualitative Research in Psychology. 2006t3:2

[15] Rea H, Kenealy T, Wellingham J, Moffitt A, Sincla®, McAuley S, et al. Chronic Care Management e®lv
towards Integrated Care in Counties Manukau, Newvalazel. The New Zealand Medical Journal.
2007;120(1252):12.

[16] World Health Organisation. Integrating preventiotoi health care. Geneva: World Health Organisaficited
2010 June]. Available from: http://www.who.int/madentre/factsheets/fs172/en/index.html.

[17] Mabotuwana T, Warren J, Gaiwad R, Kennelly J, Kgnda Analysis of Medication Possession Ratio for
Improved Blood Pressure Control. Auckland: The dlai Institute for Health Innovation; 2008.

[18] Grey C, Wells S, Riddell T, Kerr A, Gentles D, Rythuk R, et al. A comparative analysis of the aardscular
disease risk factor profiles of Pacific peoples &utlopeans living in New Zealand assessed in reygimary
care: PREDICT CVD-11. The New Zealand Medical Jaurd010;19(123):13.

[19] Day K, Norris T. Change management and the sudt#ityeof health ICT projects. Stud Health Techtalorm.
2007;129(Pt 2):4.

8. Appendix — Evaluation Interview Questions

This appendix shows the questions that were usedglthe evaluation interview of T-LIGHT’s data tasdtion. It was
conducted by the researcher (T-LIGHT developerhamicopy and then the answers were analysed andedpn in
the article for publication

1. Would you find the answers to these questions uséfior understanding the existing and new patients?

2. Who would be able to collect this information

3. How much interference would (this data collectionfause the daily workflow?

4. Can it (the data collection) be done over the phorre

5. Do you think that any of the suggested additional @estions would be “off-putting” or uncomfortable for
the patient? If yes, how so?

6. How often would you like this information to be updated?
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7. Other comments:
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