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Abstract 

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

Objective: Todevelop and evaluate a risk assessment tool to help primary care clinicians to 
predict their patients’ antihypertensive medication adherence behaviour.  

Methods: The development and evaluation of the risk assessment tool “T-LIGHT” required a 
literature review, and the results of a correlational study. This study was conducted in an 
Auckland–based Primary Care clinic, by extracting de-identified patient data from its Practice 
Management System (PMS). The data was analysed for Medication Possession Ratio (MPR) 
alongside the Social Determinants of Health. 

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

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

 

1. Introduction 

Hypertension is still the leading cause of mortality in both developed and developing countries [1]. It has been called 
the “silent killer” due to its almost asymptomatic nature; leading to Stroke, Chronic Kidney Disease and Cardiovascular 
Disease, to name a few [1, 2]. Current treatment methods include drug therapy, which is usually prescribed on a long 
term basis, and at times requiring a combination of two or more drugs [3]. Although research in medication adherence 
in New Zealand is somewhat limited, internationally it has been found that long-term adherence is low, even in 
countries like New Zealand where cost is not an issue [4]. This suggests that there may be other factors that influence 
this behaviour. Health professionals have tried to encourage their patients to persist with their medications, and in the 
process have discovered that the reasons for poor compliance are various [5]. Moreover, current management 
approaches tend to be centred on a retrospective “catch-up” basis instead of a preventative one.  

In the field of Health Informatics, Mabotuwana and Warren developed an ontology-based framework that can be used 
to clearly identify hypertensive patients who need to be followed-up (retrospective approach) [6]. Their framework has 
not been used to predict a patient’s risk of non-adherence to their prescribed medicine (prospective approach). This 
limits the ability of a health care provider to a reactive response to health issues and behaviour instead of proactive. 

Meanwhile, in the Population Health discipline, it has been strongly indicated that the current ability of the healthcare 
sector to deliver effective services is highly dependent on addressing the social, cultural and economic context in which 
poor health behaviour may occur [7]. The Social Determinants of Health Model (SDHM) outlines the major social, 
cultural and economic determinants of health (behavior) [8]. This model can be used alongside an analysis of 
antihypertensive therapy adherence data to create a risk assessment tool for primary health care providers to use. This 
paper aims to provide a proof of this concept. 

The high level of computerisation in community-based prescribing and dispensing has ample potential to provide 
opportunities for clinicians to improve service delivery for their Hypertension patients. One such way is by identifying 
and providing brief interventions for patients who are (at risk of being) non-persistent with their antihypertensives. The 
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risk assessment tool, discussed in this article, aims to introduce a Population Health perspective to the field of Health 
Informatics and Innovation in primary care.  

This research aimed to extract prescription data from a General Practice (GP) PMS, analyse it for patterns, and by using 
the SDHM, come up with a suitable risk assessment tool to be used by clinicians when prescribing medication to 
patients with hypertension. The purpose of the tool is to help in identifying people on long term medication 
prescriptions who are at a higher risk of non-persistence with their prescribed medication therapy early enough for 
clinicians to adjust their service delivery. This article chronicles the development of this tool, and its evaluation. 

 

2. Methods 

The development and evaluation of this risk assessment tool was part of a Masters Research Portfolio, and spanned the 
period of one year. A Meta-Narrative literature review, following Greenhalgh’s phases [9], was conducted in order to 
inform the development of the risk assessment tool. Additionally, the findings of the literature review also informed the 
correlational study, which used methods of archival research. Thus the purpose of this study was also to inform the 
development of the risk assessment tool. The study was carried out by extracting antihypertensive prescription data 
from an Auckland-based GP clinic and analysing it for Medication Possession Ratio (MPR) patterns. The data 
extraction process was done by temporarily downloading the software created by Mabotuwana and Warren in the 
participating clinic’s PMS (Medtech32), and was run once to produce a report for analysis. The query code was set by 
an assisting research technician to collect data that represented aspects of the SDHM for population health, such as age, 
employment status, marital status and street name. This was in addition to collecting data on MPR. An MPR relates the 
prescriptions to expected/good practice prescription periods and the actual periods between times when patients return 
for repeat prescriptions [10, 11].  

Considering the correlational study’s findings and what the literature suggested, the researcher found that the existence 
of meaningful social support surrounding a patient, along with knowledge of the chronic condition are important 
determinants of patient self-management and adherence to antihypertensive medication. The researcher decided that this 
tool should encompass the following:  

1. Social Support (availability) 

2. Patient knowledge of Hypertension (literacy and accuracy) 

3. Patient past experiences (with the health sector and / or medication) 

Prior to designing the tool, the researcher consulted with the participating clinic on their day to day practice. This was 
very helpful in highlighting that, for this tool to be used appropriately, it would need to be applied within the practice 
PMS, i.e. in an electronic format as part of the patient’s visit to their doctor. The researcher suggested a pop-up window 
type of alert to appear on the computer screen whenever the clinician is looking at the respective patient’s information. 
This alert would let the clinician know of the patient’s estimated predicted adherence level. This was quickly dismissed 
by the participant. He stated that this type of alert would be more irritating than helpful, and continued to elaborate that 
any tool that would contain the following characteristics would be a hindrance to daily workflow: 

1. Hardcopy format –everything they do is on an electronic basis, and all hardcopy initiatives would probably never 
to be used. 

2. Loud-sounding alert -this may become irritating to the clinician, especially if it happens during a patient visit. 

3. Visual alert (pop-up window) - there is enough on the computer screen as it is, and a pop up window would 
make things more cluttered. 

 

2.1. Tool Design 

The following design is a description of what the clinic PMS software could include in order to effectively alert the 
clinician of the predicted patient’s adherence rating. This rating is based on a combination of the literature findings and 
the correlational study findings.  

  

2.1.1. Data Collection 

Table 1 outlines the information that needs to be gathered by the clinic and entered into the PMS, so as to be interpreted 
by the software and result in an estimated adherence rating (per patient). 
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Table 1 – Data Collection Outline 

Data Medtech32 Field 

Characteristics of the social support available to the patient 

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

·  In what form is it available (health professionals 
family, friends, or co-workers) 

“Next of Kin” Field. But this usually can only 
take the details of one person. Therefore the rest 
would have to be entered into the Daily Record 
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? E.g. are 
they punctual when transport is needed? 

“Daily Record” Field 

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

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

Has the patient had severe and off-putting side effects of 
medication before? 

Medical Warning field 

Patient awareness of Hypertension 

What does the patient know aboutthe causes of Hypertension? “Daily Record” Field 

What does the patient know about the severity of their 
Hypertension? 

“Daily Record” Field 

What does the patient know aboutthe severity of Hypertension 
in general? 

“Daily Record” Field 

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 that Medtech32 does not have specific fields for each piece of data to be 
entered into. This means that in order for one to look back over a patient’s records, one would have to sift through the 
free-text field “Daily Record” until they find what they are looking for. Moreover, for the functionality of T-LIGHT, it 
would be difficult for the software to isolate the data needed to be interpreted and then produce the estimated adherence 
level rating.  
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Table 2 – Colour Code Changes in T-LIGHT and Possible Actions 

Colour Code Change To the Worse Possible Intervention 

From any To Green 

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

·  Offer them some support services that may help.  

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

 

From any to Yellow 

 

·  Same as above 

From any to Red 

·  Check their MPR, or do a blood test to see their 
medication levels in their blood.  

·  Enquire after the change in their lives, and how they 
can be supported 

Colour Code Change for the Better Possible Intervention 

From any colour code to a better one 

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

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

·  Ask how they are feeling about their Hypertension 

·  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 simple icon that would appear on the first computer screen, which is 
usually the patient information page. The icon should be a kind of traffic light icon that would give a colour code for the 
patient as soon as the relevant information is entered (or altered for existing patients). This traffic light should change 
according to any changes in the patient data. The data needed for this tool falls under the general concepts of patient 
knowledge of their condition, and more importantly, of patient social support. The former is arguably most useful when 
dealing with new patients. Whereas the former is more helpful for current patient; That is, if a patient loses their partner 
(marital status change) then their predicted adherence rating should change also. According to the literature findings and 
the correlational study findings, adherence to medication would more likely change for the worse when someone is not 
(any longer) in a committed relationship as a source of their daily social support would no longer be available, to name 
one reason [12]. Therefore, the patient’s traffic light may go from green to yellow, thereby alerting the clinician to keep 
an eye out for this patient’s adherence to their antihypertensive medication. Although recommendations for a clinician 
intervention when the colour changes for the worse is beyond the scope of this research, Table 2 offers some 
suggestions that can be built upon in future research. 

Figure 2 illustrates the possible location for the T-LIGHT icon; the “Dashboard”. This Dashboard was suggested to the 
researcher as a good location for T-LIGHT by the participating clinic, as it would always been seen without interfering 
with or be hidden by any sub-windows. Sub-widows include the Patient Register, Provider Information, or a New Task 
window as shown in Figure 2. 
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Figure 2 

 

3. T-LIGHT Evaluation 

Evaluation has been viewed in the past as a method of proving the worth of a new health programme, or that a certain 
drug is cost effective, or that a certain policy is being implemented properly, or even as a judgement of human resource 
performance [13]. However nowadays, though the aforementioned roles of evaluation still apply, it is and should be 
predominantly used to improve what it has been commissioned to work on.
process obstacles that may have led to undesired outcomes,
that though research is a big part of evaluation, they are most certainly not interchangeable terms.

 

3.1. Evaluation Purpose 

The goal of this particular evaluation was to discover whether T
software further, in order to predict patient levels of adherence to Antihypertensive Medication.

The evaluation objectives were to examine
both current and new patients. 

12�

Figure 1 - Visualisation of T-LIGHT 

Figure 2 – Medtch32 screen shot of a demo (test) patient  

has been viewed in the past as a method of proving the worth of a new health programme, or that a certain 
drug is cost effective, or that a certain policy is being implemented properly, or even as a judgement of human resource 

wadays, though the aforementioned roles of evaluation still apply, it is and should be 
predominantly used to improve what it has been commissioned to work on. Mainly, to explain and report possible 
process obstacles that may have led to undesired outcomes, and suggest ways of improvement. It is important to realise 
that though research is a big part of evaluation, they are most certainly not interchangeable terms.

The goal of this particular evaluation was to discover whether T-LIGHT would be suitable for developing medical 
software further, in order to predict patient levels of adherence to Antihypertensive Medication.

objectives were to examine the suitability of T-LIGHT for permanent use, as well as to better understand 
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This was by no means an extensive evaluation in terms of duration or complexity, instead it was meant to be a simple 
yet concise way to further develop and improve the concept of T-LIGHT. 

 

3.2. Evaluation Method 

This evaluation was conducted through an interview with the study participant post creation of T-LIGHT. The tool was 
presented to the participant (on hardcopy), and after having been given time to fully look over it and for questions to be 
asked regarding its intention the interview began.  

The interview questions are given in Appendix 1; they were designed to reflect overall the goal of the evaluation. 
Additionally it was importance for them to be open-ended to allow for as much feedback as possible. 

The researcher took handwritten notes of the interview and answers to the interview questions. These were analysed 
post-interview, through manual thematic analysis [14]. 

 

3.3. Evaluation Limitations 

This evaluation report was conducted on T-LIGHT and developed by the researcher. Because its development was in 
partial fulfilment of a yearlong Masters’ Degree in Public Health, T-LIGHT has not yet been applied in practice, and 
thus an evaluation of its application in practice is still needed. Moreover, since the evaluation was conducted by its 
developer, an outside evaluator will need to be commissioned for its future evaluation in order to ensure objectivity. 
Additionally it was not evaluated for a long enough period to appropriately test it. It is safe to say that T-LIGHT is still 
a nebulous tool, but is one that has much potential. It is recommended that more research is conducted on its use and 
application. Furthermore, should it be incorporated by a software developer, an independent evaluation should be 
commissioned in order to objectively and comprehensively evaluated its effectiveness. 

 

3.4. Evaluation Results 

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

 

3.4.1. Workflow Disruption 

The main concern for the participant and his clinic was the risk of disruption to their daily workflow. In order for any 
new tool to be used in daily clinical practice, one would need to incorporate it into the existing work protocol. The GP 
was adamant that:  

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

The information that is required for T-LIGHT was originally suggested to be collected by the clinicians only. The 
participant suggested that it can be collected by others in the clinic. The issue is, however, that the information would 
need to be assigned according to its sensitivity, for confidentiality reasons. Therefore, the receptionist can collect the 
demographic information, and social support information. Meanwhile, the clinicians (doctors and / or nurses) can 
collect the more sensitive (clinical) information. It was noted that this delegation of data collection can spread out the 
disruption to the existing workflow, thereby reducing its degree. However, it was important to note, that the information 
to be collected by the receptionist or other administrative staff would need to be done on hardcopy first. That is, due to 
their proximity to the waiting room, and thus within ear shot of others, a patient would need to fill out a form, and then 
the information can be entered into the PMS. Whereas, when the patient is with a clinician and out of earshot, the 
clinician can simply ask the questions and immediately enter it into the PMS. Therefore, the clinic’s patient registration 
form would need to be amended to include the social support questions. 

Although they do realise that even an amendment to their work protocol would cause at least a temporary disturbance, 
its benefit must outweigh its cost (in time). One suggestion to reduce the risk of workflow disruption was the 
development of an “online” aspect of the tool. That is, if the data to be collected can be collected by having each patient 
enter it themselves into a confidential web page that links to the clinic’s PMS, then the workflow disruption would be 
markedly reduced. This was emphasised when the GP indicated that: 

“The more you can get done online the better it is for workflow”. 

However, one positive feedback was that the answers to these additional questions would be very helpful and beneficial 
for the clinic to have, when the participant stated that: 
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 “The more you know about a patient (that would help diagnosis and treatment) the better” 

Lastly, it was suggested that only the data collection side of T-LIGHT can feasibly be done by the clinic’s staff. The 
data interpretation must be a computational process, in that it must be done by the software itself. This is because data 
interpretation and the subsequent colour coding would add more than what is an appropriate amount of time and effort 
on the clinic’s part. And thus T-LIGHT would not be used, as it would not be seen by the clinic as a cost effective tool. 

 

3.4.2. Data Collection Questions 

The participant felt that some of the questions (listed in Table 1) might not be appropriate for the patient – clinician 
relationship. For one, some of the questions may seem to a patient though they have a “blaming” connotation. The 
participant further explained that he suspected that the patient may become ashamed of their past behaviour, and may 
not be as truthful as they should. This was especially the case with the following data collection question: “Has the 
patient forgotten to take medication before?” This question would need to be re-phrased to remove any sense of blame 
so that the patient feels comfortable admitting to getting the medications wrong sometimes. He suggested that any 
questions like these need to be solution-focused.In fact, if the questions are solution-oriented, it can “get the ball rolling 
in getting the patient involved in their treatment”, as stated by the participant. Based on his suggestion, that particular 
question was rephrased as follows: 

“Some patients don’t always find it easy to remember taking their medications, how are you finding it?”  

The clinician went on to add, that if a web link to the PMS were to be created to collect the data, it can be used to 
display data to the patient, so they can see their progress, and become more involved in their health plan. This would 
not only increase the likelihood of them updating their data, but it would keep communication going between health 
provider and patient at minimal (fiscal and time) cost to both. 

 

4. Discussion 

Many have indicated that preventative measures can be more cost-effective than treatment [15, 16]. This would in turn 
require some form of predictive approaches to chronic care management of Hypertension. That is, a clinician may need 
to have some form of idea of the likely adherence behaviour of their patient, in order for them to tailor their approach to 
helping the patient in managing their Hypertension.  

Making predicative decisions can be complex, and requires time-consuming research; as a result, several initiatives 
have developed computerised decision support systems for Primary Care Practitioners (PCP) to use [17]. One such tool 
currently available in New Zealand is the PREDICT-CVD [18]. It has been implemented in primary care practices in 
Auckland and Northland. The tool assesses a patient’s risk of developing Cardiovascular Disease. Similarly, the 
purpose of the T-LIGHT tool was to help in identifying patients who are at higher risk of non-persistence with their 
prescribed medication routine early enough for clinicians to adjust their service delivery.  

T-LIGHT was developed in consultation with a participating Auckland-based Primary Care clinic. This allowed for the 
researcher (T-LIGHT’s developer) to understand the needs of the tool’s future users. This experience was found to be 
invaluable to the researcher. However, it was during the evaluation of T-LIGHT that the researcher learnt the two most 
significant lessons; the complexities of changing the existing workflow of a primary care clinic, and the capacity of the 
(Medtech32) PMS software used. 

 

4.1. Changing the Existing Workflow 

This was found to be an almost political process. During the implementation of the correlational study, the researcher 
learnt that in order for a tool to even be piloted in a clinic, EVERY staff member would need to be consulted. Although 
this can be an arduous process, it was strongly suggested to the researcher that it would be the only way to guarantee the 
tool’s appropriate use. Any other way of introducing a tool would be seen as forced upon the clinic. This observation is 
supported by the literature about change management linked to health IT projects [19]. 

 

4.2. Current Capacity of Medtech32 

In order for T-LIGHT to work data, additional to the norm (seen in Table 1), needs to be routinely collected. 
Additionally it needs to be collected (and entered into the PMS) in a way that would be distinguishable to the software 
for the interpretation process to occur. However, the only fields that are available in the current version of Medtech32 
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do not allow for the information to be distinguishable. Instead there are predominantly fields that allow for the entry of 
data in free text form. It is recommended to establish specific fields for collecting the data that would speak to the T-
LIGHT code. Alternatively, the use of controlled vocabulary within the existing free text field may prove to be just as 
helpful. This controlled vocabulary system would use pre-defined terms that would in turn speak to the T-LIGHT codes 
and trigger the colour change. However, the exploration of this type of syntactic analysis is beyond the scope of this 
particular paper, so its exploration in future research is highly recommended.  

 

5. Conclusion 

The T-LIGHT Risk Assessment Tool was informed by consultation with the participating clinic, the findings of a Meta-
Narrative literature review and the findings of a correlational study using archival research methods. It was developed 
using de-identified archival patient data of antihypertensive medication MPRs, along with the SDHM to profile patients 
of various medication adherence levels. The result of which was a proof of concept project leading to a prospective 
clinical alert called T-LIGHT. It was inspired by tools such as PREDICT-CVD [18], to help clinicians in estimating a 
patient’s future medication adherence level.  

The T-LIGHT study reported in this article is a proof of concept project and is recommended for researchers and 
medical software companies, for further investigation. T-LIGHT has much to offer to the improvement of primary care 
service delivery to Hypertension patients, and potentially to other patients. The latter can be a tremendous research 
opportunity; building on T-LIGHT so that it can be applied to all chronic condition patients. 
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8. Appendix – Evaluation Interview Questions 

This appendix shows the questions that were used during the evaluation interview of T-LIGHT’s data collection. It was 
conducted by the researcher (T-LIGHT developer) on hardcopy and then the answers were analysed and reported on in 
the article for publication 

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

-------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------
--------------------------------- 

2. Who would be able to collect this information 
-------------------------------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------- 

3. How much interference would (this data collection) cause the daily workflow? 
-------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------
-------------------------------------------------------------------------------------------------------------------------------------
--------------------------------- 

4. Can it (the data collection) be done over the phone? 
-------------------------------------------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------- 

5. Do you think that any of the suggested additional questions 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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