
  

 

 

Tilburg University

Have you taken your medication yet?

Vervloet, M.

Publication date:
2013

Document Version
Publisher's PDF, also known as Version of record

Link to publication in Tilburg University Research Portal

Citation for published version (APA):
Vervloet, M. (2013). Have you taken your medication yet? The effectiveness of electronic reminders. True
Colours.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 24. May. 2023

https://research.tilburguniversity.edu/en/publications/eb9883a5-18e8-4516-9acc-a043ec34a1b5


  

 

 

 

 

 

 

Have you taken your medication yet? 
 

The effectiveness of electronic reminders 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Marcia Vervloet 

 



  

ISBN 978-94-6122-188-9 

 

http://www.nivel.nl 

nivel@nivel.nl 

Telefoon 030 2 729 700 

Fax 030 2 729 729 

 

©2013 NIVEL, P.O. Box 1568, 3500 BN Utrecht, The Netherlands 

 

Cover design  : Jasper Kuperus 

Word processing/lay out : Marian Brouwer 

Printing   : True Colours, Utrecht 

 

All rights reserved. No part of this publication may be reprinted or reproduced or utilized in any form or 

any electronic, mechanical, or other means, now known or hereafter invented, including photocopying 

and recording, or any information storage or retrieval. Exceptions are allowed in respect of any fair 

dealing for the purpose of research, private study, or review. 

 



  

 
 

Have you taken your medication yet? 

The effectiveness of electronic reminders 
 
 
 

Heeft u uw medicijnen al ingenomen? 

De effectiviteit van elektronische herinneringen 
 
 
 
 
 
 
 

Proefschrift 

 

ter verkrijging van de graad van doctor aan Tilburg University,  

op gezag van de rector magnificus, prof. dr. Ph. Eijlander,  

in het openbaar te verdedigen ten overstaan van  

een door het college voor promoties aangewezen commissie  

in de aula van de Universiteit op woensdag 22 mei 2013 om 14.15 uur 

 

door 

 

Marcia Vervloet 

geboren op 3 september 1979 

te Dordrecht 

 



 

Promotores : prof. dr. D.H. de Bakker 

 : prof. dr. M.L. Bouvy 

 

Copromotor : dr. ir. L. van Dijk 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The research presented in this thesis was conducted at NIVEL, Netherlands 

Institute for Health Services Research, Utrecht, the Netherlands. 

 

The randomised controlled trial was supported by an unrestricted grant from 

Achmea Healthcare Foundation. The Real Time Medication Monitoring 

system was provided by Evalan BV and partly financed by Achmea Healthcare 

Foundation. Additional funding was received from the Ministry of Education, 

Culture and Science and NIVEL. Financial support for printing this thesis was 

kindly provided by Tilburg University and NIVEL.  

 



 5 

Contents 
 

 
Chapter 1 General introduction 7 
 

Chapter 2 The effectiveness of interventions using electronic reminders 
to improve adherence to chronic medication: a systematic 
review of the literature 25 

 

Chapter 3 Improving medication adherence in type 2 diabetes patients 
through Real Time Medication Monitoring: a Randomised 
Controlled Trial to evaluate the effect of monitoring patients’ 
medication use combined with short message service (SMS) 
reminders 67 

 

Chapter 4 Short-term and long-term effects of Real Time Medication  
 Monitoring with SMS reminders for missed doses on the  
 refill adherence in type 2 diabetes patients: evidence from a 

randomised controlled trial 85 
 

Chapter 5 SMS reminders improve adherence to oral medication in  
 type 2 diabetes patients who are real time electronically  
 monitored 101 
 

Chapter 6 Lazy Sunday afternoons: the negative impact of  
 interruptions in patients’ daily routine on adherence  
 to oral antidiabetic treatment. A multilevel analysis of  
 electronic monitoring data 127 
 

Chapter 7 Beliefs about medication and adherence of patients  
 using Real Time Medication Monitoring 147 
 

Chapter 8 General discussion 165 
 
 

Summary 193 
 

Samenvatting (Summary in Dutch) 203 
 

Dankwoord (Acknowledgements) 213 
 

Curriculum Vitae 219 
 

List of publications 221 
 



6  

 



  

1 
 
 
 
General introduction 
 

 

 
 

 

 
 



8 Chapter 1 

Patients’ non-adherence to medication: a complex problem 

 

Many patients experience difficulties in adhering to their prescribed 

medication treatment. A meta-analysis of 569 studies on medication 

adherence revealed an average non-adherence rate of 25%. Highest adherence 

rates were found in patients with HIV, arthritis, gastrointestinal disorders and 

cancer, while lowest rates were observed in patients with pulmonary disease, 

diabetes, and sleep disorders (1). Due to poor adherence, patients do not get 

the optimum benefit from their medication treatment. This is especially 

problematic for patients with chronic illnesses who require long-term therapy. 

Suboptimal treatment has been associated with increased use of healthcare 

services (acute care and hospitalizations), increased healthcare costs, higher 

morbidity and mortality, and a reduction in patients’ quality of life (2-8). Non-

adherence has therefore been widely recognised as an important healthcare 

problem. In 2003, the World Health Organisation (WHO) addressed the 

importance of improving adherence in its report by stating that “Increasing 

the effectiveness of adherence interventions may have a far greater impact on 

the health of the population than any improvement in specific medical 

treatments” (9). However, adherence is a complex phenomenon. This is 

reflected for example by the number of terms that have been used to describe 

patients’ medication taking behaviour (Box 1). 

Numerous interventions aimed at improving adherence have been carried out 

in the last decades. However, several review studies summarizing the 

effectiveness of these interventions revealed that no more than half the 

interventions were associated with a significant increase in medication 

adherence and even fewer reported significant improvements in treatment 

outcomes. It has been concluded that even the most effective interventions 

had only modest effects (16-19).  

Interventions have become increasingly complex. However, complex 

interventions are often difficult to implement in daily practice as they are 

time-consuming, labour-intensive and thus costly. Furthermore, as the 

effectiveness of the separate components of complex interventions often are 

not studied, it remains unclear which components are most beneficial, and 

whether all components are actually required. A meta-review of adherence 

interventions revealed that the most promising step is to develop simple 

interventions that are workable and feasible in (busy) daily practice (16), a 
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conclusion that was supported by the International Expert Forum on Patient 

Adherence (20). 

 
 

Box 1  Terminology 

Compliance, adherence, persistence and concordance are the most frequently used terms 

for patients’ medication taking behaviour. Compliance is defined as “the extent to which 

the patient’s behaviour matches the prescriber’s recommendations” (10). This definition 

indicates that the patient is not involved in the process: the prescriber decides upon the 

appropriate therapy and the patient follows the instructions issued. Because of this 

negative connotation, the term adherence was introduced (11). In 2003, the WHO defined 

adherence as “the extent to which a person’s behaviour - taking medication and/or 

executing lifestyle changes, corresponds with agreed recommendations from a healthcare 

provider” (9). This definition indicates that patient and prescriber agree upon the 

prescribed medication regimen. To pay more attention to the importance of the patient-

prescriber relationship and shared-decision making, the term concordance was introduced. 

Concordance is defined as “a new approach to the prescribing and taking of medicines. An 

agreement reached after negotiation between patient and healthcare professional that 

respects the beliefs and wishes of the patient in determining whether, when and how 

medicines are to be taken” (12). However, this term does not refer to a patient's medication 

taking behaviour, but to the interaction between prescriber and patient. As such, it is not a 

synonym for compliance or adherence (13,14). Adherence has become the preferred term 

(11,12), and is therefore used throughout this thesis. The term persistence needs to be 

distinguished from adherence. Persistence is the length of time between the first and last 

dose, occurring when a patient discontinues treatment (15). Whereas persistence refers to 

how long patients continue with their treatment, adherence refers to how well they 

implement the prescribed regimen. 

 

 

Tailoring interventions to patients’ needs 
 

So despite the many efforts, little progress has been made in tackling the non-

adherence problem. This might be a result of the interventions being applied 

to patients for whom the intervention is not suited. Interventions are often 

aimed at all patients regardless of whether they are adherent or not. Not only 

is it inefficient and costly to include patients who have little or no difficulty 

adhering to their treatment, it also dilutes the effect of the intervention as 

these patients have no or little room for improvement. Although it may be 

difficult to identify non-adherent patients, an effort should be made as they 
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are the ones who would benefit most from adherence enhancing interventions 

(20). Furthermore, not many interventions have been tailored to the needs of 

the patient. One conclusion that can be drawn from the many studies on 

adherence is that there is no single solution for the non-adherence problem in 

all patients. Patients’ reasons for not adhering to their prescribed regimen are 

diverse. There is increasing awareness that different types of interventions are 

required to address these different underlying reasons for non-adherence 

behaviour. An important distinction has been made between two types of 

non-adherence: intentional and unintentional non-adherence (21-23). 

Intentional non-adherence refers to patients who deliberately alter or skip one 

or more doses. The assumption underlying this type of non-adherence is that 

patients go through an active, reasoned decision-making process to follow or 

disregard professional advice (22). Patients weigh the pros and cons of their 

medication treatment to decide whether or not to take their medication. This 

decision depends strongly on patients’ beliefs and perceptions about their 

medication treatment and their illness, as well as their experiences with the 

medication (e.g. adverse effects) and information they receive from various 

sources (13). Unintentional non-adherence refers to patients who forget to 

take their medication or are inaccurate with their timing. The underlying 

assumption for this type of behaviour is that it is a passive process that is less 

associated with patients’ beliefs and motivation, and more with patients’ 

capacity to take their medication. This includes for example the complexity of 

the medication regimen and patients’ memory (either forgetting to take the 

medication at the prescribed time or poor recall of prescription 

instructions)(13,22). The various determinants underlying intentional and 

unintentional non-adherence call for different types of interventions to 

address each type. However, although this distinction between intentional 

and unintentional non-adherence is useful for identifying targets for 

interventions, it is not a strict distinction. Patients can display both 

intentional and unintentional non-adherent behaviour. For example, patients 

who perceive their medication to be less necessary might also forget it more 

easily (24). Forgetfulness is most frequently cited as a barrier to adherence in 

various patient populations (25-31). 

Besides the distinction between adherent and non-adherent patients and 

intentional and unintentional non-adherence, there is a third aspect that has 

to be taken into account in identifying subgroups of patients to which specific 
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interventions can be applied, namely the phase of adherence that patients 

experience difficulties with. Vrijens et al. distinguished three different phases 

of adherence (Figure 1)(32). The first phase is the acceptance and initiation of 

the treatment. Patients who never fill their initial prescription (so-called 

‘primary non-adherence’) might have problems accepting the fact that they 

have to take medication, often for life in the case of a chronic illness. They 

either reject the regimen completely or have concerns about the medication 

that stops them from taking the medication (33). The second phase, the 

implementation of the regimen, refers to the extent to which a patient’s intake 

corresponds to the prescribed dosing regimen. In this phase, patients have 

accepted the treatment, but do not take the medication as prescribed. This 

can be either intentionally or unintentionally, as was explained above. The last 

phase is discontinuation, i.e. the patient stops taking the prescribed 

medication. The time between initiation and discontinuation of the treatment 

is known as persistence (32). Non-persistent patients might for example not 

be convinced of the efficacy of the treatment (33). Obviously, other types of 

interventions are needed for patients who do not initiate the treatment and 

for patients having problems with the implementation of the regimen or those 

who stop completely. 

 

 

Figure 1: Process of adherence to medication, by Vrijens et al. (32). 
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New technological developments may offer solutions 
 

Up to now, most interventions had limited benefits. Innovative and tailored 

approaches are needed to support patients in following prescribed treatment. 

With the ageing population, rising healthcare costs and the expected future 

labour shortage in healthcare, the possibilities of incorporating eHealth are 

increasingly being explored. eHealth refers to the use of technological 

developments to support health and healthcare (34). In the search for 

innovative approaches to improve adherence, eHealth may also provide 

opportunities. For example, tailored eHealth Internet interventions show 

promising results in improving adherence to chronic medication (35). These 

Internet interventions mainly focus on improving intentional non-adherence. 

Another technological development that has increasingly been used and 

which focuses on unintentional non-adherence is electronic reminding. 

Whereas reminders such as telephone calls or e-mails from healthcare 

professionals to patients require an extensive time investment from the 

professional, electronic reminders can be sent automatically to patients at the 

appropriate time requiring no further effort from healthcare professionals. As 

such, electronic reminding might be a simple intervention that is feasible in 

busy daily practice.  

One type of electronic reminding is reminding via Short Message Service 

(SMS). SMS offers almost instantaneous delivery of short text messages to 

individuals at any time, any place and setting in an unobtrusive way (36). SMS 

reminders have produced positive results in increasing attendance rates to 

follow-up visits at the clinic (37,38). Over recent years, SMS has been 

increasingly used in efforts to improve patients’ adherence. For example, 

studies involving asthma patients (39), HIV patients (40,41), and paediatric 

liver transplant recipients (42) showed increased adherence as a result of SMS 

reminders. In these studies, however, patients received an automated daily 

text message to remind them of their medication intake regardless of whether 

the patient had taken the medication or not. This might lead to annoyance in 

cases where the patient had already taken the medication, but it might also 

lead to loss of effectiveness of the reminder. A study evaluating automated 

reminders for submitting blood glucose levels of diabetes patients revealed 

that the effects of the messages diminished after three months due to 

‘reminder fatigue’ (43). The loss of effectiveness of automated alerts was also 
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demonstrated in a study using automated alarms for meal bolus insulin in 

young people with type 1 diabetes, as the alarms were ignored after three 

months (44). To avoid these undesirable situations, an innovative reminder 

system based on Real Time Medication Monitoring (RTMM) has been 

developed with which patients are only reminded when a dose is missed. 

 

 

The concept of Real Time Medication Monitoring 
 

RTMM shows similarities to the Medication Event Monitoring System 

(MEMS) in that its electronic medication dispenser registers the date and time 

of each opening, the so-called ‘medication events’. However, unlike MEMS, 

the RTMM dispenser contains a GSM module that sends this intake 

information in real time to a central server of the RTMM supplier. This real-

time registration is a unique feature of RTMM, providing the opportunity to 

identify a missed dose as it happens. As such, the monitoring aspect of RTMM 

can be combined with a reminder aspect. Patients can choose a time period 

within which they will take their medication. If the dispenser has not been 

opened within this time period, the system sends an SMS reminder to the 

patient. Patients are not reminded if a dispenser opening is registered within 

the time period they themselves have chosen. Because of this feature, 

annoyance with the reminder or loss of effectiveness may be prevented, and as 

such this system might be beneficial for long-term adherence improvement. 

Figure 2 provides a graphical presentation of the concept of RTMM as it is 

used for supporting patients in their medication use. Data on patients’ 

medication intake can be made directly available through the internet for 

healthcare providers, the patients themselves or for research purposes.  
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Figure 2: A graphical presentation of the concept of RTMM aimed at 

supporting patients in their medication use, provided by Evalan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The assumption underlying this system and electronic monitoring in general 

is that opening the dispenser implies the intake of the prescribed dose. The 

validity of this assumption has been confirmed by studies showing that 

mismatches between medication events and actual dosing were too rare to 

create substantial differences between projected and actual drug 

concentrations in the plasma (45-48). As such, electronic monitoring provides 

objective, detailed and accurate information on patients’ medication intake 

behaviour. This detailed information in particular gives insights into the 

precision with which patients adhere to their prescribed regimen. Other 

methods to measure adherence, each with their own advantages and 

disadvantages, are summarised in Box 2. None of these adherence methods 

can be seen as the gold standard. Using a combination of methods has been 

recommended to maximise accuracy of the adherence assessment (49,50). 
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Box 2. Methods to measure adherence, table taken from Osterberg & Blaschke (49) 
   
Direct methods Advantages Disadvantages 
Direct observed therapy Most accurate Patients can hide pills in the 

mouth and then discard 
them; impractical for 
routine use 

Measurement of the level of 
medicine or metabolite in 
the blood 

Objective Variations in metabolism 
and ‘whitecoat adherence’ 
can give false impression of 
adherence; expensive 

Measurement of the 
biologic marker in the 
blood 

Objective; can also be used 
to measure placebo in 
clinical trials 

Requires expensive 
quantitative assays and 
collection of bodily fluids 

Indirect methods Advantages Disadvantages 
Patient questionnaires, 
patient self-reports 

Simple; inexpensive; most 
useful method in clinical 
setting 

Susceptible to error with 
increases in time between 
visits; risk of socially desired 
answers 

Patient diaries Help to correct for poor 
recall 

Easily altered by the patient 

Questionnaire for caregiver 
or teacher when the patient 
is a child 

Simple Susceptible to error 

Assessment of the patient’s 
clinical response 

Simple; generally easy to 
perform 

Factors other than 
adherence can affect clinical 
response 

Pill count Objective; quantifiable; easy 
to perform 

Easily altered by the patient 
(e.g. pill dumping) 

Prescription refill rate Objective; easy to obtain 
data 

A prescription refill is not 
equivalent to ingestion of 
medication; requires a 
closed pharmacy system 

Electronic monitoring Precise; results are easily 
quantified; track patterns of 
medication intake 

Expensive; requires return 
visits and downloading data 
from medication vials, 
impractical for patients 
using more than one type of 
medication 

Measurement of 
physiological markers 

Often easy to perform Marker may be absent for 
other reasons (e.g. 
increased metabolism, poor 
absorption, lack of 
response) 
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As described earlier, interventions aimed at improving medication adherence 

need to be tailored to the needs of patients. With respect to the distinction 

between intentional and unintentional non-adherence, the RTMM reminder 

system targets patients who forget their medication or are inaccurate with 

their timing, whereas a reminder system might be less suitable for patients 

who for example doubt the necessity of their medication. In addition, with 

respect to the phases of adherence, the RTMM reminder system is tailored to 

patients who have difficulties implementing the prescribed dosing regimen. 

Neither patients who do not accept or initiate their treatment nor those who 

decide to discontinue their treatment are likely to benefit from a reminder 

system. 

 

 

Theoretical mechanism underlying RTMM 
 

As outlined by Leventhal and Cameron (51) and further elaborated upon by 

Van Dulmen et al (16), interventions using reminder systems to improve 

adherence, such as the RTMM system used in this thesis, are primarily based 

on the principles of behaviour theory. According to this theory, behaviour 

depends on stimuli or cues, either internal (thoughts) or external 

(environmental cues) that elicit a desired behaviour, and the rewards that 

reinforce that behaviour. The behaviour may be learned by gradual shaping or 

patterning of the behaviour and can be automated after sufficient repetition of 

the stimuli or cues (16,51). Interventions based on this behavioural perspective 

are as such directly aimed at patients’ non-adherent behaviour. In the case of 

RTMM, the SMS reminders are the stimuli that can elicit adherent behaviour 

(see Figure 3). As a result of the reminders, patients may gradually integrate 

the medication intake into their daily routine. As such, the learned routine 

helps patients take the medication, even after the intervention stops.  

Up to now, studies have not tailored reminders to whether the patient had 

taken their medication or not. The stimuli were given regardless of whether 

the patient exhibited the desired behaviour or not and as such were not linked 

to the actual behaviour of patients. Receiving a stimulus when the desired 

behaviour is already being displayed might lead to ineffectiveness in changing 

the behaviour in the long-term. With our intervention, patients are only 

reminded when they show non-adherent behaviour. A stimulus is only given, 
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i.e. an SMS is only sent, when patients forget to take their medication. As 

such, we expect that our RTMM intervention might be more beneficial in 

changing non-adherent behaviour in the long run. 

 

 

Figure 3: Behavioural learning theory, adapted from Munro et al. (52). 

 

 

 

 

 

 

 

 

 

 

 

 

RTMM to support type 2 diabetes patients 
 

We evaluated the effectiveness of RTMM with SMS reminders in improving 

adherence in a study population of Dutch type 2 diabetes patients. Type 2 

diabetes is a chronic metabolic disease characterised by high blood glucose 

levels caused by a combination of insulin deficiency and insulin resistance 

(53). The prevalence of diabetes is high and rapidly increasing, mainly due to 

the increasing age of the population, the increasing number of people with 

obesity, and lifestyle changes (e.g. reduced physical activity, dietary 

changes)(54). About 366 million people worldwide were estimated to have 

diabetes in 2011 (54). In the Netherlands 740,000 people were diagnosed with 

diabetes in 2007, 90% of them with type 2 diabetes (55).  

In the long-term, the elevated blood glucose levels can cause both 

macrovascular complications such as cardiovascular disease (including 

myocardial infarction, stroke and congestive heart failure), and microvascular 

complications such as kidney disease (nephropathy), eye disease 

(retinopathy), foot ulcerations (diabetic foot), and nerve damage (neuropathy) 

(56,57). Fundamental to the management of type 2 diabetes is achieving 
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glycaemic control, i.e. keeping the blood glucose level as close to normal as 

possible, thereby reducing the incidence of these complications associated 

with diabetes. In addition to a healthy lifestyle, most patients require long-

term therapy with glucose-lowering medication to attain glycaemic control 

(58). Nevertheless, patients’ adherence to oral antidiabetics is low. Adherence 

rates range from 36% to 93% (59). Patients may not see the benefit of taking 

oral antidiabetics, as the therapy is aimed at preventing tissue damage in the 

long run. However, improving adherence to oral antidiabetics has been 

associated with a reduction in healthcare utilisation (e.g. hospitalisations, 

emergency department visits)(58,60-62), a reduction in healthcare costs 

(2,3,63), and a lower mortality risk (60). In addition, glycaemic control is 

associated with a better quality of life (64-66).  

Metformin and sulfonylurea derivatives are the most frequently used oral 

antidiabetic medication in the Netherlands. Metformin is the first-choice 

therapy for type 2 diabetes patients because of its anti-hyperglycaemic action 

and because it has no or even positive effects on body weight (67). Both 

metformin and sulfonylureas have relatively short half-lives, which necessitate 

at least twice daily dosing. Moreover, antidiabetic medication is generally 

recommended to be taken with meals, because this increases absorption, 

prolongs the half-life of the medication and minimizes possible 

gastrointestinal adverse events. The timing of the medication intake and the 

regularity herein are therefore very important for obtaining and maintaining 

therapeutic coverage. The RTMM reminder system might as such be suitable 

for providing support for type 2 diabetes patients. 

 

 
Aim and outline of this thesis 
 

The main aim of this thesis was to evaluate the effectiveness of Real Time 

Medication Monitoring combined with SMS reminders on adherence to oral 

antidiabetic medication in type 2 diabetes patients who have suboptimal 

adherence levels. 

 

This thesis comprises eight chapters, including this introductory chapter. 
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Chapter 2 presents a systematic review of the effectiveness of interventions 

using electronic reminders, including SMS reminders, in improving adherence 

to long-term medication treatment. The aim of the review was to synthesise 

and critically appraise the existing evidence on the effects of electronic 

reminding, and identify characteristics of electronic reminders associated with 

their effectiveness.  

 

To evaluate the effects of RTMM with SMS reminders on adherence to oral 

antidiabetics, a Randomised Controlled Trial was designed, with pre- and 

post-test measurements involving three groups of type 2 diabetes patients. 

Chapter 3 gives a detailed description of the trial protocol. Briefly, the first 

group of patients used RTMM and received reminders when they forgot their 

medication. The second group of patients was only monitored with RTMM; 

they did not receive reminders. Patients in the third group received usual care 

and served as a control group. Patients participated in the trial for six months. 

Including the group of patients who used RTMM without receiving reminders 

enabled us to study the effect of being monitored on adherence. Research 

with hypertension patients has shown that the monitoring aspect alone can 

contribute to higher adherence, although this appeared to be a short-term 

effect (68,69).  

 

The main results of the trial are described in Chapters 4 and 5. Chapter 4 

addresses the question of the extent to which adherence improves in patients 

who used RTMM with or without SMS reminders for six months compared to 

patients who received usual care. This comparison is based on refill adherence 

calculated from pharmacy records. To study short-term and long-term effects, 

refill adherence after one and after two years was compared between the three 

groups.  

To determine the extent to which the SMS reminders improve the timing of 

medication intake, i.e. the precision with which patients adhere to their 

prescribed medication regimen, patients who used RTMM combined with 

SMS reminders were compared to patients who used RTMM without being 

reminded (monitoring only). Results of this comparison are described in 

Chapter 5. In addition, this chapter describes patients’ experiences with the 

RTMM system. 
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Electronic monitoring data provide information about each single medication 

intake. As such, these data can be used to study variation in adherence at the 

intake level as well as the patient level. In Chapter 6, the question of the 

extent to which variation in adherence can be attributed to either level is 

addressed. In addition, which characteristics of the medication intake (time-

related aspects such as day of the week or moment during the day (morning, 

afternoon or evening)) or of the patient (socio-demographics and clinical 

characteristics) were associated with variation in adherence was investigated.  

 

Patients’ beliefs about medication have been associated with adherence, most 

frequently assessed with self-report. Chapter 7 reports whether the 

medication beliefs in our group of type 2 diabetes patients are associated with 

multiple measures of adherence, namely self-report, pharmacy refill records or 

electronic monitoring. In addition, the associations between these different 

adherence measurements are described. 

 

Finally, the last chapter provides a general discussion of the results presented 

in this thesis as well as methodological considerations, clinical implications 

and implications for further research. 
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Abstract 
 

Background Many patients experience difficulties in adhering to long-term 

treatment. Although patients’ reasons for not being adherent are diverse, one 

of the most commonly reported barriers is forgetfulness. Reminding patients 

to take their medication may provide a solution. Electronic reminders 

(automatically sent reminders without personal contact between the 

healthcare provider and patient) are now increasingly being used in the effort 

to improve adherence.  

 

Objective To examine the effectiveness of interventions using electronic 

reminders in improving patients’ adherence to chronic medication. 

 

Methods A comprehensive literature search was conducted in PubMed, 

Embase, PsycINFO, CINAHL and Cochrane Central Register of Controlled 

Trials. Electronic searches were supplemented by manual searching of 

reference lists and reviews. Two reviewers independently screened all 

citations. Full text was obtained from selected citations and screened for final 

inclusion. The methodological quality of studies was assessed. 

 

Results Thirteen studies met the inclusion criteria. Four studies evaluated 

short message service (SMS) reminders, seven audiovisual reminders from 

electronic reminder devices (ERD), and two pager messages. Best evidence 

synthesis revealed evidence for the effectiveness of electronic reminders, 

provided by eight (four high, four low quality) studies showing significant 

effects on patients’ adherence, seven of which measured short-term effects 

(follow-up period <6 months). Improved adherence was found in all but one 

study using SMS reminders, four studies using ERD and one pager 

intervention. In addition, one high quality study using an ERD found 

subgroup effects. 

 

Conclusion This review provides evidence for the short-term effectiveness of 

electronic reminders, especially SMS reminders. However, long-term effects 

remain unclear. 
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Introduction 
 

Adherence is defined as the extent to which a person’s behaviour – taking 

medication and/or executing lifestyle changes – corresponds with agreed 

recommendations from a healthcare provider (1). Many patients, especially 

those with chronic illnesses, experience difficulties in adhering to prescribed 

treatment. Average adherence rates to long-term treatment are low (1,2). Poor 

adherence compromises the effectiveness of medication treatment and results 

in suboptimal illness control. This can lead to increased use of healthcare 

services, reduction in patients’ quality of life, and increased healthcare costs 

(3-5). Numerous interventions aimed at improving adherence have been 

conducted, but these were mostly complex and not very effective (6). Complex 

interventions are often time consuming, labour intensive and costly, thus not 

feasible in busy clinical practice. According to experts in the field of 

adherence, simple interventions, i.e. interventions that are workable in daily 

practice and that are easy for both professional and patient, appear to be most 

promising in furthering patients’ adherence (7). An example of a simple 

intervention is reminding patients of their medication intake. Reminders can 

especially provide a solution for patients who are unintentionally non-

adherent, i.e. patients who are willing to take their medication but forget it or 

are inaccurate with their timing (8). Forgetfulness is commonly reported as a 

barrier to adherence in various patient populations (9-18). Albeit the range of 

patients reporting this barrier varies from 22% to 73% across the studies, in all 

studies forgetting to take a dose was the most frequently cited reason for non-

adherence.  

Two reviews on the effectiveness of ‘reminder packaging’, which refers to any 

medication package (e.g. a pill box, blister package, bottle) that physically 

incorporates a system for the day and/or time for medication to be taken, 

reported modest improvements in adherence to long-term medications 

(19,20). However, patients are not actively reminded with this type of 

packaging. Studies evaluating the effect of personal – and thus active – 

reminders, such as telephone calls or emails from healthcare providers to 

patients, revealed positive effects on adherence rates (21, 22). However, 

personal reminders can require an extensive time investment from healthcare 

providers. Electronic reminders, on the contrary, are automatically sent to 

patients at the appropriate time without interference of a healthcare provider. 
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Examples are reminder messages automatically sent to a patient’s mobile 

phone with a short message service (SMS), an electronic reminder device 

(ERD) that provides patients with an audio and/or visual reminder at 

predetermined times, or text messages sent to patients’ pager to alert them of 

their medication. This type of reminding does not require additional effort 

from professionals and may be easy to integrate in patients’ daily life. 

Interventions using reminders are primarily based on the principles of 

behavioural learning theory (23). According to this theory, behaviour depends 

on stimuli or cues, either internal (thoughts) or external (environmental 

cues), suggesting that non-adherent behaviour can be modified after sufficient 

repetition of external stimuli or cues such as reminders. 

With the increasing use of electronic reminders aimed at improving 

medication adherence, there is a need to gain insight into the effects of this 

type of reminding. Previous reviews evaluating strategies for improving 

adherence among which electronic reminders often focused on specific 

patient populations. For example, Gray et al. (24) found that a reminder 

device might be beneficial to patients with glaucoma. Wise and Operario (25) 

showed that half of the studies included in their review reported significantly 

improved adherence in HIV patients as a result of ERD. Misono et al. (26) 

reviewed studies using healthcare information technology interventions to 

improve adherence to cardiovascular and diabetes medication, and showed 

that of these interventions, reminder systems provided the best evidence for 

increasing adherence. To our knowledge, no review has been conducted that 

systematically studied the effects of specifically electronic reminding (e.g. via 

SMS, ERD, pager/beeper systems) on patients’ adherence to a range of long-

term medication. Therefore, in this systematic review, we aim to synthesize 

and critically appraise the existing evidence on the effectiveness of electronic 

reminders in improving patients’ adherence to chronic medication. In 

addition, we aim to investigate the characteristics of electronic reminders that 

are associated with their effectiveness. 
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Methods 
 

This review was conducted according to the guidelines of The Cochrane 

Collaboration described in the Cochrane Handbook for Systematic Reviews of 

Interventions, version 5.1.0 (updated March 2011) (27). 

 

Inclusion criteria 

A study was included in this review if it met the following inclusion criteria: 

(1) the intervention was aimed at patients who were prescribed chronic 

medication; (2) the intervention involved an electronic reminder aimed at 

improving medication adherence; (3) the reminder was directed to the 

patient; 4) one of the outcome measures was medication adherence; (5) the 

study design was either a randomised controlled trial (RCT) or a controlled 

clinical trial (CCT); (6) the study was published in English. Studies using 

historical controls were excluded, as possible bias may be introduced due to 

factors (other than the intervention) that may have changed over time.  

We defined an electronic reminder as an automatically sent reminder without 

personal contact between healthcare provider and patient. Consequently, 

telephone calls, emails or SMS personally sent by health care providers were 

excluded. 

 

Search strategy 

We conducted a comprehensive literature search in PubMed, Embase, 

PsycINFO, CINAHL and the Cochrane Central Register of Controlled Trials. 

We used the following MeSH terms and keywords for searching PubMed: 

(medication adherence OR patient compliance OR medication therapy 

management) AND (cellular phone OR reminder systems OR text message 

OR electronic reminder) AND (intervention study OR randomised controlled 

trial OR controlled clinical trial). Advanced search, allowing for explosion 

search, mapping to preferred terminology, searching keywords or in all text 

was used in the other databases whenever possible. No restriction on 

publication date was applied. The electronic databases were last searched on 7 

March 2011. Electronic searches were supplemented by manual searching of 

reference lists of relevant reviews (‘snowball method’). 
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Review procedures 

Reference Manager 11.0 was used to manage all citations. Independently, three 

reviewers (MV as first reviewer and either AJL or LvD as second reviewer) 

screened all citations (title and abstract) identified by the electronic and 

manual searches. Full text was obtained for the potentially eligible studies and 

for those for which we had insufficient information. The interrater agreement 

between MV and AJL and MV and LvD was 92% and 97%, respectively. Full 

text articles were reviewed independently by AJL and MV for final inclusion in 

the review according to the inclusion criteria mentioned earlier. Reasons for 

exclusion of studies at this stage are given in appendix A. Disagreements 

between reviewers were resolved by discussion.  

 

Data extraction 

MV extracted the following study characteristics (see Table 1 and appendix B): 

• General information (first author, year of publication) 

• Study design 

• Study population (sample size, age, gender, medication/disease) 

• Intervention (description of experiment and control condition, type of 

reminder) 

• Adherence measure (type of measurement, follow-up period) 

• Main study results 

• Authors’ conclusion 

 

Methodological quality 

The methodological quality of the studies was assessed independently by AJL 

and MV according to the criteria list from the Cochrane Collaboration Back 

Review Group (28). This list addresses 11 criteria for identifying potential 

sources of bias:  

1. Selection bias (three criteria), referring to systematic differences between 

participants in the different groups: a) proper generation of allocation 

sequence; b) proper concealment of treatment allocation; and c) 

comparability of groups at baseline. 

2. Performance bias (four criteria), referring to systematic differences 

between the groups in the care provided to participants, apart from the 

intervention that is evaluated: d) participants kept blind to treatment 

allocation; e) care providers kept blind to treatment allocation; g) co-



Systematic review effectiveness electronic reminders 31 

interventions were avoided or similar for all groups; h) compliance was 

acceptable in all groups. 

3. Attrition bias (two criteria), referring to systematic differences between 

the groups in participants who dropout and those who remain: i) proper 

description of and acceptability of dropout rate; k) analysis according to 

intention-to-treat principle. 

4. Detection bias (two criteria), referring to bias in how outcomes are 

ascertained, diagnosed or verified: f) outcome assessor kept blind to 

participants’ exposure to intervention; j) timing of outcome assessment 

was similar in all groups. 

Each criterion was scored with a ‘yes’, ‘unclear’ or ‘no’, where ‘yes’ indicates 

the criteria have been met and thus suggest a low risk of bias. The 

methodological quality of a study was considered high when six or more 

criteria were met. Disagreements between the reviewers were resolved by 

discussion. 

 

Data synthesis and sensitivity analysis 

It was not possible to perform a meta-analysis because of the heterogeneity of 

methods and interventions used. Therefore, a best evidence synthesis (BES) 

was conducted, based on the one proposed by van Tulder et al. (28) and 

adapted by Steultjens et al. (29). This synthesis takes the design, 

methodological quality and outcomes of the studies into account and 

attributes various levels of evidence to the effectiveness of interventions. Box 1 

presents the principles of BES. Sensitivity analysis was performed to identify 

how sensitive the results of BES are to changes in the way this synthesis was 

performed. For the sensitivity analysis, BES was repeated in two ways: 1) low 

quality studies were excluded; 2) studies were classified as high quality if they 

met four instead of six internal validity criteria.  
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Box 1: Principles of Best Evidence Synthesis. 

Evidence: Provided by consistent significant findings in outcome measures in at least two 

high quality RCTs. 

Moderate evidence: Provided by consistent significant findings in outcome measures in at 

least one high quality RCT and at least one low quality RCT or high quality CCT. 

Limited evidence: Provided by significant findings in outcome measures in at least one 

high quality RCT or provided by consistent significant findings in outcome measures in at 

least two high quality CCTs (in the absence of high quality RCTs). 

Indicative findings: Provided by significant findings in outcome measures in at least one 

high quality CCT or low quality RCT (in the absence of high quality RCTs). 

No/Insufficient evidence: If the number of studies that show evidence is less than 50% of 

the total number of studies found within the same category of methodological quality and 

study design or if the results of eligible studies do not meet the criteria for one of the 

above stated levels of evidence or in case of conflicting (significantly positive and 

significantly negative) results among RCTs and CCTs or in case of no eligible studies. 

 

Categorisation of interventions and study outcomes 

We categorised the type of electronic reminder in three categories: 1) SMS 

reminder; 2) audiovisual reminder from ERDs; and 3) reminder via pager 

systems. The effect of the intervention was also categorised in three 

categories: 1) overall effect; 2) subgroup effect; and 3) no effect on adherence. 

Any effect, either overall or in subgroups, needed to be statistically significant 

(p<.05). Furthermore, we investigated both short-term (follow-up period <6 

months) and long-term (follow-up period ≥6 months) effects. 

 

 

Results 
 

A total of 813 hits, 527 of which were unique, resulted from the electronic 

database searches. Searching references from reviews provided six potentially 

relevant studies. After screening title and abstract, 491 references were 

excluded because they did not meet the inclusion criteria. Of the remaining 

42 references, full text was obtained and assessed for inclusion in the review. 

Details on excluded studies in this stage are given in appendix A. Finally, a 

total of 13 studies met all inclusion criteria (see Figure 1). 
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Figure 1: Flowchart of study inclusion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Description of the studies 

Table 1 shows the main characteristics of the 13 included studies (for a more 

detailed description, see appendix B). The study population varied: patients 

on antiretroviral therapy (five studies) (30-34), patients with hypertension 

(three studies) (35-37), patients with asthma (two studies) (38,39), patients 

with glaucoma (two studies)(40,41) and women using oral contraceptives (one 

study) (42). All studies involved adult patients, except for one study that also 
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included adolescents aged 13 years or older (39). The duration of medication 

use varied across the studies and also within the studies. Seven studies 

included patients initiating or changing treatment (31-33,35 39,40,42), four 

studies included patients currently using medication (30,34,37,41), and two 

studies included both new and current users (36,38). Four interventions tested 

the effect of SMS reminders on patients’ adherence (30,31,38,42), seven studies 

evaluated an ERD with audiovisual medication reminders (32,35-37,39-41), and 

two studies concentrated on the effect of a pager reminder (33,34). Almost 

half of the studies used multiple measures to assess adherence. Electronic 

monitoring (EM; electronically registering the date and time of every 

medication intake) was used in eleven studies. Six studies exclusively used EM 

(31,34,36,38-40), four combined EM with self-report (32,33,35,42) and one 

combined EM with both pill count and self-report (30). One study exclusively 

used pill count (37), one study assessed bottle weight (medication in soluble 

form) with self-report (41). Only three studies followed patients for a period of 

six months or longer (31,33,35). 

 

Methodological quality  

The methodological quality (risk of bias) of the 13 included RCTs was assessed. 

Seven studies were classified as high quality studies; six studies had a low 

quality (Table 2). 
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Table 2: Methodological quality of included RCTs.  

 
Study Validity criteria meta Methodological qualityb 

Hardy et al. 2011 (30)  a, b, c, g, h, i, j High 
Pop-Eleches et al. 2011 (31) a, c, g, h, i, j, k High 
Hou et al. 2010 (42)  a, b, c, f, g, h, i, j, k High 
Strandbygaard et al. 2010 (38)  a, c, g, h, i, j High 
Simoni et al. 2009 (33) a, b, c, g, h, i, j, k High 
Charles et al. 2007 (39) a, b, c, g, h, i, j High 
Andrade et al. 2005 (32) c, g, h, i, j, k High 
Christensen et al. 2010 (35) c, g, h, j  Low 
Ho et al. 2008 (40) g, h, j Low 
Santschi et al. 2007 (36) a, g, h, i Low 
Da Costa et al. 2005 (37) c, g, h, j Low 
Safren et al. 2003 (34) c, g, h, j, k Low 
Laster et al. 1996 (41) g, h, i, j Low 

 

a Selection bias: criteria a, b, c; performance bias: criteria d, e, g and h; attrition bias: criteria i and 
k; detection bias: criteria f and j. 

b High quality: six or more criteria met; low quality: five or fewer criteria met. 

 

 

Effectiveness of interventions 

Tables 3 and 4 summarise the effects on adherence, methodological quality of 

the studies, and characteristics of the intervention (studied medication, type 

of electronic reminder, and type of adherence measurement), by length of 

follow-up period. Eight studies (four high and four low quality) reported 

significant overall effects on patients’ adherence as a result of an electronic 

reminder. Hardy et al. (30) compared the adherence of HIV patients receiving 

SMS reminders with patients using a beeper as a reminder and found a 

significant difference in favour of SMS reminding. Strandbygaard et al. (38) 

revealed that adherence rates of asthma patients who received daily SMS 

reminders were higher than those of patients who were not reminded. The 

third study also focused on asthma patients and found that an ERD with an 

audiovisual reminder significantly improved adherence (39). Two other 

studies also used an ERD with audiovisual reminders, both in patients with 

glaucoma, and found higher adherence rates in patients receiving these 

reminders (40,41). Da Costa et al. (37) reported significant differences in 

adherence between patients with hypertension who used a reminder alarm 

card that produced a beep at predetermined times, and patients who did not. 

Safren et al. (34) revealed improvements in adherence in patients with HIV as 
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a result of reminder messages sent to patients’ pagers. The last study found 

that patients who were reminded once a week had higher adherence rates 

than patients reminded daily or patients not reminded at all (31). One (high 

quality) study revealed significant effects in a subgroup of the intervention 

group; Andrade et al. (32) found that an ERD with audiovisual reminders 

significantly improved adherence in memory-impaired patients (assessed with 

neuropsychological tests), but not in memory-intact patients. Finally, four 

(two high and two low quality) studies, two of which measured the impact of 

the reminder on multiple time points, showed no effects on adherence at any 

time point (33,35,36,42). 

 

 

Table 3: Characteristics and effectiveness of interventions with a short-term 

follow-up period (<6 months). 

 
Study Medication  

for 
Type of 
reminder  

Study 
quality 

Short-term effecta on 
adherence measured with: 

EM Self-
report 

Pill 
count 

Hou et al. (42)  Contraception SMS high – –  
Hardy et al. (30) HIV SMS high ++ – – 
Strandbygaard et al. (38) Asthma SMS high ++   
Charles et al. (39) Asthma ERD  high ++   
Andrade et al. (32) HIV ERD  high + –  
Ho et al. (40) Glaucoma ERD  low ++   
Santschi et al. (36) Hypertension ERD  low –   
Da Costa et al. (37) Hypertension ERD  low   ++ 
Laster et al. (41) Glaucoma ERD  low  ++ ++b 
Safren et al. (34) HIV pager low ++   
 

a  ++ = overall effect; + = subgroup effect; – = no effect. 
b amount of eye drops left estimated by bottle weight. 
EM, electronic monitoring; SMS, Short Message Service; ERD, electronic reminder device 
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Table 4: Characteristics and effectiveness of interventions with a long-term 

follow-up period (≥6 months). 

 
Study Medication  

for 
Type of 
reminder  

Study 
quality 

Long-term effecta on 
adherence measured with: 

EM Self-report 

Pop-Eleches et al. (31)  HIV SMS high ++  
Simoni et al. (33) HIV pager high – – 
Christensen et al. (35) Hypertension  ERD  low – – 
 

a  ++ = overall effect; + = subgroup effect; – = no effect. 
EM, electronic monitoring; SMS, Short Message Service; ERD, electronic reminder device 

 

 

Relation between type of reminder and effects 

Four studies used SMS reminders, three of which showed significant positive 

effects on adherence. Those studies used either personalised text messages 

that requested a reply from patients when taking the medication (30), or 

standardised text messages without requiring acknowledgement (31,38). The 

study revealing no effect used standardised messages without requesting a 

reply (42). Four of the seven studies evaluating audiovisual reminders from 

ERDs significantly improved patients’ adherence. Three of them used an ERD 

that produced both an audible and visual reminder (39-41), the fourth used an 

ERD that only emitted an audible reminder (37). The one study that found a 

subgroup effect evaluated an ERD with an audible reminder (32). Two studies 

showed no effects, both of them used an ERD that accommodated blister 

packs (35,36). 

Two interventions used pagers, one of which revealed a significant effect (34). 

This study delivered standardised text messages to patients’ pagers at 

predetermined times and requested no reply. The pager intervention revealing 

no effects delivered a minimum of three pager messages daily and a 

confirmation return page was requested for every message (33). 

 

Relation between length of the follow-up period and effects 

Ten studies had a follow-up period shorter than six months. Within this 

group, all but two studies revealed significant overall effects (30,32,34,37-41) or 

a subgroup effect (32). The follow-up period varied from three weeks to three 

months. In contrast, only one of three studies following patients for over six 

months reported significant effects. That study followed patients for 48 weeks 
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(31). The two studies reporting no effects followed patients for nine (33) and 

twelve months (35). 

 

Relation between type of adherence measurement and effects 

Eleven studies used electronic monitoring as method to measure adherence. 

Six of them reported significant overall effects (30,31,34,38-40), one found a 

subgroup effect (32). In addition to EM, five studies used self-report to 

measure adherence. Two of those studies showed inconclusive results 

between these two methods: significant effects were only found when 

adherence was measured with EM, not with self-report (30,32). One study also 

used pill count as third method for measuring adherence, but again effects 

were only found with EM (30). One study exclusively using pill count (37) as 

well as a study using ‘pill count’ (or weight of medication solution) combined 

with self-report (41) showed significant effects on adherence.  

 

Other characteristics 

The number of patients participating in the studies was often limited: six 

studies included fewer than 30 patients in each arm. Despite this limited 

sample size, four of them revealed significant effects (30,38,40,41) and one a 

subgroup effect (32) on adherence. In addition, four studies included between 

30 and 50 patients in each arm, three of which showed significant effects 

(34,37,39). Of the three studies that included more than 50 patients in each 

arm, one study reported significant effects (31). 

 

Best Evidence Synthesis (BES) and sensitivity analysis 

Seven of the 13 included RCTs were classified as high quality studies. Four of 

them reported significant overall effects, three of which were effects measured 

short-term (<6 months follow-up). In addition, four low quality studies found 

significant effects, all short-term. Only one high quality study found 

significant effects measured long-term (≥6 months follow-up). 

Using the principles of BES (see Box 1), these results indicate that there is 

evidence of the short-term effectiveness of electronic reminders in improving 

patients’ adherence to medication. Regarding the type of electronic reminder, 

there is evidence resulting from three high quality studies of the effectiveness 

of SMS reminders in improving adherence (30,38). Moderate evidence was 

found for audiovisual reminders from ERDs as a strategy to improve 
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adherence, as one high quality and three low quality studies found significant 

effects (37,39-41). There is insufficient evidence for the effect of pager 

reminders, as the low quality study reported significant effects (34). 

As sensitivity analysis, BES first was repeated using seven high quality RCTs 

(thus disregarding six low quality RCTs). Evidence for the short-term 

effectiveness as well as evidence for the effectiveness of SMS reminders in 

specific remained. However, limited evidence is now found for the 

effectiveness of ERDs with audiovisual reminders. Second, BES was repeated 

using four instead of six (out of 11) validity criteria for classifying RCTs as high 

quality studies. Again, evidence for the short-term effectiveness as well as 

evidence for SMS reminders remained. In addition, evidence was also 

provided for audiovisual reminders from ERDs.  

 

 

Discussion 
 

This review provides evidence for the short-term effectiveness of electronic 

reminders in improving adherence in patients using chronic medication. 

Significant improvements in adherence were found in all but two studies 

following patients for a period of less than six months (four high and four low 

quality studies). Only one (high quality) of three studies with long-term 

follow-up reported significant effects on patients’ adherence. The electronic 

reminders evaluated in these studies included SMS reminders, audiovisual 

reminders from ERDs and reminders delivered to pagers. Stratified by the type 

of electronic reminder, our review shows that SMS reminders in particular but 

also ERDs can be effective strategies for improving patients’ adherence in the 

short run.  

 

Most studies included in this review followed patients for a period of less than 

six months. It is, however, important to investigate whether effects of 

electronic reminding remain for a longer time period. Patients who are 

adherent at first can become non-adherent over time (43). Furthermore, all 13 

studies included in this review automatically sent electronic reminders 

regardless of whether or not patients took their medication. This may 

negatively influence the long-term effects of electronic reminders, as these 

automated reminders can become a routine resulting in habituation. This may 
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be the reason that Pop-Eleches et al. (31) found that SMS reminders sent once 

a week significantly improved adherence of HIV patients whereas daily 

reminders did not. Further research is needed to investigate the influence of 

the frequency with which reminders are sent in improving of adherence. 

Moreover, real time adherence monitoring is now upcoming (44,45), offering 

the possibility to intervene only when patients miss a dose, thus avoiding the 

reminders becoming a routine. The effectiveness of this non-automated type 

of electronic reminding on adherence is currently being investigated (46). 

 

With technology evolving rapidly, the use of older technologies such as pager 

systems is likely to decrease and new technologies may arise, such as 

applications for smart phones. Currently, SMS-reminding is increasingly being 

implemented in interventions aimed at improving adherence as mobile 

penetration is high. The effectiveness is influenced by patients’ willingness to 

receive SMS reminders. Two of the included studies reported patient 

experiences with SMS-reminding (38,42). Both studies reported a positive 

evaluation of this type of electronic reminding, although in one of these 

studies the majority of patients indicated that the predetermined time at 

which the reminder was daily sent was unsuitable (38). In addition, three 

included studies evaluating ERDs reported that these devices were well 

accepted by patients (32,36,41), which is in line with other research (47,48). 

 

Our review showed that SMS reminders are effective in increasing adherence. 

There are, however, differences in the SMS reminders sent. One study used 

personalised text messages that requested a reply (30), the other two studies 

yielding significant effects sent standardised text messages without requiring 

acknowledgement (31,38). Earlier research showed that a tailored message is 

usually more effective than a standard text (49). This cannot be confirmed by 

our findings. However, more studies are needed to investigate the influence of 

the content of reminder messages on adherence behaviour.  

 

Reminders can especially be used to modify behaviour of unintentionally non-

adherent patients, i.e. patients who are willing to take their medication but 

forget it or are inaccurate (8). Nonetheless, none of the included studies 

focused specifically on this patient group, implying that the intervention was 

possibly not suited for some of the patients; those who deliberately miss or 
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alter their doses and make a rational decision to do so by weighing pros and 

cons of the medication. Interventions using reminders may be more effective 

when they are solely focused on patients who are unintentionally non-

adherent. On the other hand, using text messages, for example to stimulate 

patients who doubt the effectiveness of medication by stressing the 

importance of the intake in the message may provide a solution for 

intentionally non-adherent patients (50). 

 

Reminders can be beneficial for improving adherence in patients of all ages. 

Elderly patients may be at risk of forgetting to take their medication because 

of memory problems. Adolescents, on the other hand, may be at risk for 

forgetting their dose because of their busy (social) lives. Zelikovsky et al. 

reported that being out with friends and participating in activities were 

reasons for forgetting among adolescent renal transplant candidates (18). 

Furthermore, as adolescents extensively use mobile phones, SMS reminders 

might be particularly useful for reminding them. Miloh et al., for example, 

showed improved adherence rates as a result of text messaging in paediatric 

liver transplant recipients (51). None of the studies included in our review, 

though, specifically targeted the paediatric population. Future studies 

involving the paediatric population are recommended.  

 

Electronic monitoring (EM) is currently seen as the most reliable and 

objective method in measuring adherence, while self-report is considered less 

reliable as this measure tends to overestimate adherence (52,53). Most studies 

included in the review used EM for adherence measurement, sometimes 

combined with self-report. In two studies, in which adherence was measured 

with both EM and self-report, effects were only found when adherence was 

measured with EM, while no effects were found for self-report. A possible 

explanation may be that with self-report patients report a high adherence rate 

from the beginning, leaving no or insufficient room for improvement. These 

findings emphasize the importance of incorporating objective methods for 

adherence measurement into studies whenever possible (6). 

 

Limitations 

Limitations of the included studies 

The methodological quality of the studies varied. In studies identified as low 
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quality, mostly risk of selection and attrition bias is present. By using a Best 

Evidence Synthesis, this methodological quality was taken into account in 

attributing levels of evidence to effects found in studies.  

 

The electronic database searches provided five studies in which a more 

complex intervention was used, with an electronic reminder as one of the 

aspects of the intervention (54-58). These studies only reported the total effect 

of the complex intervention on patients’ medication adherence, no direct 

relation between the reminder and adherence was reported. Therefore those 

studies could not contribute to this review, thus we decided to exclude those 

studies.  

 

The primary aim of electronic reminders is to improve patients’ medication 

adherence. Therefore, we focused not on clinical outcomes, but on adherence 

as (one of the) main outcome measures. In adherence research, a patient is 

often classified as adherent when an adherence rate of over 80% is reached 

(59). This cut-off point indicates the minimum level of adherence needed for 

therapeutic effect. In the HIV population, the cut-off point is 90%. Although 

often used, these cut-off points are arbitrary. Only two studies in our review 

used a cut-off point for adherence. Pop-Eleches et al. used a binary indicator 

of whether HIV patients achieved more than 90% adherence as primary 

outcome (31). Charles et al. used cut-off points of over 50%, over 80% and over 

90% adherence for asthma patients (39). Both studies, however, did not link 

their findings to clinical outcomes nor reported on the clinical significance of 

the effects found. Trials aiming to evaluate effects on patients’ medication 

adherence usually have insufficient power to detect significant differences in 

clinical outcome measures. Of the nine studies that showed an effect on 

adherence, three studies also reported clinical outcomes (32,37,38), of which 

one found a significant improvement in the intervention group (32). Although 

adherence appears to be an intermediate outcome, there is evidence of the 

association between increased adherence rates and positive health outcomes 

(4,60).  
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Limitations of the review 

A methodological limitation of our review may be that we used a ‘top-down’ 

approach in our search strategy, which means that we relied on existing 

databases and its search terms for identifying relevant studies. This may lead 

to missing relevant studies due to miscoding of search terms. A ‘bottom-up’ 

strategy, relying on searching existing databases in the broadest way as 

possible, is significantly more time and labour-intensive but has the advantage 

of being comprehensible. To reduce this potential problem, we used the 

snowball method to identify studies that we possibly missed with our top-

down strategy in addition to the electronic database searches.  

 

Clinical implications  

After providing patients with the electronic reminders, no additional effort is 

needed from healthcare providers, making this an intervention easy to 

implement in daily practice. Furthermore, electronic reminders and especially 

SMS reminders, appear to be easily integrated into patients’ life. As such, this 

seems to be a simple intervention for both patient and professional for 

enhancing medication adherence. However, the healthcare system needs to be 

ready to include the use of electronic reminders in usual care for patients 

using chronic medication. 

 

Implications for further research 

Future studies should aim specifically on patients who are unintentionally 

non-adherent in examining effects of electronic reminders on adherence. In 

addition, further research is needed to identify for which patient groups 

electronic reminding is most beneficial, for example, studies involving the 

paediatric population and studies involving patients with other types of 

chronic illnesses. Moreover, the included studies mostly found short-term 

improvements. Future studies should investigate long-term effects of 

electronic reminders and search for additional features of electronic 

reminding to improve adherence in the long-term. One example may be not 

to send patients reminders daily at predetermined times, but to intervene only 

when necessary, by sending patients reminders only when they forget to take 

their medication (46). Another example may be to tailor the content of the 

reminder message to the needs of the patients based on their illness and 

treatment beliefs (50). 
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Conclusions 

This review shows that electronic reminders lead to short-term improvements 

of patients’ adherence to chronic medication, while the long-term effects 

remain unclear. The increasing opportunities of new technologies make it 

possible to tailor reminding both in timing (only when needed) and in 

content (tailored messages). In this way, long-term improvements in 

medication adherence may be achieved. 
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Appendix A: List of excluded studies with reason for exclusion. 

 
Database Year Authors Title  Reason for 

exclusion 

PubMed 2011 Harris LT, Lehavot K, 
Huh D, Yard S, Andrasik 
MP, Dunbar PJ, Simoni 
JM. 

Two-Way Text Messaging for 
Health Behavior Change Among 
Human Immunodeficiency 
Virus–Positive Individuals 

Medication 
adherence not as 
outcome measure 

PubMed 2010 Lester RT, Ritvo P, Mills 
EJ, Kariri A, Karanja S, 
Chung MH, Jack W, 
Habyarimana J, 
Sadatsafavi M, 
Najafzadeh M, et al. 

Effects of a mobile phone short 
message service on antiretroviral 
treatment adherence in Kenya 
(WelTel Kenya1): a randomised 
trial 

Reminder not 
specifically for 
medication 
intake  

PubMed 2010 Simoni JM, Chen WT, 
Huh D, Fredriksen-
Goldsen KI, Pearson C, 
Zhao H, Shiu CS, Wang 
X, Zhang F. 

A Preliminary Randomized 
Controlled Trial of a Nurse-
Delivered Medication Adherence 
Intervention Among HIV-
Positive Outpatients Initiating 
Antiretroviral Therapy in Beijing, 
China 

Only total effect 
of intervention 
on adherence 
reported 
(reminder was 
one aspect) 

PubMed 2010 Bender BG, Apter A, 
Bogen DK, Dickinson P, 
Fisher L, Wamboldt FS, 
Westfall JM. 

Test of an Interactive Voice 
Response Intervention to 
Improve Adherence to Controller 
Medications in Adults with 
Asthma 

Reminder not 
specifically for 
medication 
intake 

PubMed 2010 Marciel KK, Saiman L, 
Quittell LM, Dawkins K, 
Quittner AL. 

Cell phone intervention to 
improve adherence: cystic 
fibrosis care team, patient, and 
parent perspectives 

Medication 
adherence not as 
outcome measure 

PubMed 2009 Decker V, Spoelstra S, 
Miezo E, Bremer R, You 
M, Given C, Given B. 

A pilot study of an automated 
voice response system and 
nursing intervention to monitor 
adherence to oral chemotherapy 
agents 

No reminder 
(only information 
exchange) 

PubMed 2009 Düsing R, Handrock R, 
Klebs S, Tousset E, 
Vrijens B. 

Impact of supportive measures 
on drug adherence in patients 
with essential hypertension 
treated with valsartan: the 
randomized, open-label, parallel 
group study VALIDATE 

Only total effect 
of intervention 
on adherence 
reported 
(reminder was 
one aspect) 

PubMed 2008 Lawrence DB, Allison 
W, Chen JC, Demand M. 

Improving Medication 
Adherence with a Targeted, 
Technology-Driven Disease 
Management Intervention 

Reminder is not 
directed to 
patient (not 
patient-centered) 
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Database Year Authors Title  Reason for 
exclusion 

PubMed 2008 Tsur L, Kozer E, 
Berkovitch M. 

The Effect of Drug Consultation 
Center Guidance on 
Contraceptive Use Among 
Women Using Isotretinoin: A 
Randomized, Controlled Study 

No reminder 
(only information 
exchange)  

PubMed 2008 Mollon B, Holbrook 
AM, Keshavjee K, 
Troyan S, Gaebel K, 
Thabane L, Perera G. 

Automated Telephone Reminder 
Messages Can Assist Electronic 
Diabetes Care 

Medication 
adherence not as 
outcome measure 

PubMed 2006 Fonseca JA, Costa-
Pereira A, Delgado L, 
Fernandes L, Castel-
Branco MG. 

Asthma patients are willing to use 
mobile and web technologies to 
support self-management. 

Medication 
adherence not as 
outcome measure 

PubMed 2005 Ryan D, Cobern W, 
Wheeler J, Price D, 
Tarassenko L. 

Mobile phone technology in the 
management of asthma 

Medication 
adherence not as 
outcome measure 

PubMed 2003 Fairley CK, Levy R, 
Rayner CR, Allardice K, 
Costello K, Thomas C, 
McArthur C, Kong D, 
Mijch A, Melbourne 
Adherence Group. 

Randomized trial of an adherence 
programme for clients with HIV 

Only total effect 
of intervention 
on adherence 
reported 
(reminder was 
one aspect) 

PubMed 2003 Larsen DL, Cannon W, 
Towner S. 

Longitudinal Assessment of a 
Diabetes Care Management 
System in an Integrated Health 
Network 

Medication 
adherence not as 
outcome measure 

PubMed 2003 Stuart GW, Laraia MT, 
Ornstein SM, Nietert 
PJ. 

An interactive voice response 
system to enhance antidepressant 
medication compliance. 

No reminder 
(only information 
exchange) 

PubMed 1999 Cramer JA, Rosenheck 
R. 

Enhancing Medication 
Compliance for People with 
Serious Mental Illness 

No electronic 
reminder 

PubMed 1993 Raynor DK, Booth TG, 
Blenkinsopp A. 

Effects of computer generated 
reminder charts on patients' 
compliance with drug regimens 

No electronic 
reminder 

Ref from 
review 

2006 Mannheimer SB, Morse 
E, Matts JP, Andrews L, 
Child C, Schmetter B, 
Friedland GH; Terry 
Beirn Community 
Programs for Clinical 
Research on AIDS 

Sustained Benefit From a Long-
Term Antiretroviral Adherence 
Intervention Results of a Large 
Randomized Clinical Trial 

Medication 
adherence not as 
outcome measure 



56 Chapter 2 

 

Database Year Authors Title  Reason for 
exclusion 

Ref from 
review 

2003 Dunbar PJ, Madigan D, 
Grohskopf LA, Revere 
D, Woodward J, 
Minstrell J, Frick PA, 
Simoni JM, Hooton 
TM. 

A two-way messaging system to 
enhance antiretroviral adherence 

Medication 
adherence not as 
outcome measure 

Ref from 
review 

1991 Leirer VO, Morrow DG, 
Tanke ED, Pariante 
GM. 

Elders' nonadherence: its 
assessment and medication 
reminding by voice mail. 

No chronic 
medication 

Embase 2006 Franklin VL, Waller A, 
Pagliari C, Greene SA. 

A randomized controlled trial of 
Sweet Talk, a text-messaging 
system to support young people 
with diabetes 

Only total effect 
of intervention 
on adherence 
reported 
(reminder was 
one aspect) 

Embase 2005 Ostojic V, Cvoriscec B, 
Ostojic SB, Reznikoff 
D, Stipic-Markovic A, 
Tudjman Z. 

Improving Asthma Control 
Through Telemedicine: A Study 
of Short-Message Service 

Medication 
adherence not as 
outcome measure 

PsycINFO 2009 Basheti IA, Armour CL, 
Bosnic-Anticevich SZ, 
Reddel HK. 

Evaluation of a novel educational 
strategy, including inhaler-based 
reminder labels, to improve 
asthma inhaler technique 

Medication 
adherence not as 
outcome measure 

PsycINFO 2009 Enriquez M, Cheng AL, 
McKinsey DS, Stanford 
J. 

Development and Efficacy of an 
Intervention to Enhance 
Readiness for Adherence among 
Adults Who Had Previously 
Failed HIV Treatment 

No electronic 
reminder 

PsycINFO 2000 Ostrop NJ, Gill MJ. Antiretroviral Medication 
Adherence and Persistence with 
Respect to Adherence Tool Usage 

Only total effect 
of intervention 
on adherence 
reported 
(reminder was 
one aspect) 

PsycINFO 2006 Robertson L, Smith M, 
Castle D, Tannenbaum 
D. 

Using the Internet to enhance the 
treatment of depression 

Reminder not 
specifically for 
medication 
intake 

PsycINFO 2009 Scherr D, Kastner P, 
Kollmann A, Hallas A, 
Auer J, Krappinger H, 
Schuchlenz H, Stark G, 
Grander W, Jakl G, 
Schreier G, Fruhwald 
FM; MOBITEL 
Investigators. 

Effect of Home-Based 
Telemonitoring Using Mobile 
Phone Technology on the 
Outcome of Heart Failure 
Patients After an Episode of Acute 
Decompensation: Randomized 
Controlled Trial 

No reminder 
(only information 
exchange) 
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Database Year Authors Title  Reason for 
exclusion 

Cochrane 
Register 
Controlled 
Trials 

1999 Fulmer TT, Feldman 
PH, Kim TS, Carty B, 
Beers M, Molina M, 
Putnam M. 

An intervention study to enhance 
medication compliance in 
community-dwelling elderly 
individuals. 

No electronic 
reminder 

Cochrane 
Register 
Controlled 
Trials 

1998 Keder LM, Rulin MC, 
Gruss J. 

Compliance with depot 
medroxyprogesterone acetate: 
A randomized, controlled trial of 
intensive reminders 

No electronic 
reminder 
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Study protocol 
Improving medication adherence in diabetes type 
2 patients through Real Time Medication 
Monitoring: a Randomised Controlled Trial to 
evaluate the effect of monitoring patients’ 
medication use combined with short message 
service (SMS) reminders. 
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Abstract 
 

Background Innovative approaches are needed to support patients' 

adherence to drug therapy. The Real Time Medication Monitoring (RTMM) 

system offers real time monitoring of patients' medication use combined with 

short message service (SMS) reminders if patients forget to take their 

medication. This combination of monitoring and tailored reminders provides 

opportunities to improve adherence. This article describes the design of an 

intervention study aimed at evaluating the effect of RTMM on adherence to 

oral antidiabetics. 
 

Methods/Design Randomised Controlled Trial (RCT) with two intervention 

arms and one control arm involving diabetes type 2 patients with suboptimal 

levels of adherence to oral antidiabetics (less than 80% based on pharmacy 

refill data). Patients in the first intervention arm use RTMM including SMS 

reminders and a personal webpage where they can monitor their medication 

use. Patients in the second intervention arm use RTMM without SMS 

reminders or webpage access. Patients in the control arm are not exposed to 

any intervention. Patients are randomly assigned to one of the three arms. 

The intervention lasts for six months. Pharmacy refill data of all patients are 

available from 11 months before, until 11 months after the start of the 

intervention. Primary outcome measure is adherence to oral antidiabetics 

calculated from: 1) data collected with RTMM, as a percentage of medication 

taken as prescribed, and as percentage of medication taken within the correct 

time interval, 2) refill data, taking the number of days for which oral 

antidiabetics are dispensed during the study period divided by the total 

number of days of the study period. Differences in adherence between the 

intervention groups and control group are studied using refill data. 

Differences in adherence between the two intervention groups are studied 

using RTMM data. 
 

Discussion The intervention described in this article consists of providing 

RTMM to patients with suboptimal adherence levels. This system combines 

real time monitoring of medication use with SMS reminders if medication is 

forgotten. If RTMM proves to be effective, it can be considered for use in 

various patient populations to support patients with their medication use and 

improve their adherence. 
 

Trial registration Netherlands Trial Register NTR1882 
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Background 
 

Adherence can be defined as the extent to which a person’s behaviour - taking 

medication and/or executing lifestyle changes - corresponds with agreed 

recommendations from a healthcare provider (1). Many patients, especially 

patients with a chronic illness, experience difficulties in following treatment 

recommendations. Adherence to long-term therapy for chronic illnesses in 

developed countries averages only 50% (1). As a result of poor adherence, 

patients do not receive optimal benefit from their drug therapy. Suboptimal 

treatment can lead to increased use of health care services (acute care and 

hospitalisations), reduction in patient’s quality of life, and increased health 

care costs (drug costs and medical costs) (1-5). Thus, improving adherence 

receives world-wide attention. In 2003, the World Health Organisation 

emphasized that “increasing the effectiveness of adherence interventions may 

have a far greater impact on the health of the population than any 

improvement in specific medical treatments” (1). Many interventions to 

improve patients’ adherence to medication have been carried out in the last 

decades, but most of them did not show significant effects on adherence. Even 

with the most effective interventions, improvements in adherence and 

treatment outcomes were generally small (6-9). 

Evidently, there is a need for innovative approaches to support patients in 

following prescribed therapy (6). Most promising are interventions that are 

both simple for the patient and relatively easy to implement in daily clinical 

practice (8,10). One such innovative approach is the recently developed Real 

Time Medication Monitoring (RTMM) system. This system is an innovative 

adaptation of the well-known Medication Event Monitoring System (MEMS). 

MEMS uses an electronic medication bottle with a microprocessor 

incorporated into the cap that records the date and time the bottle is opened. 

MEMS provides an objective and reliable measure of adherence to prescribed 

medication (11,12) and it has been used to measure medication adherence of 

various patient populations, including those with asthma (13), diabetes (14), 

schizophrenia (15) and heart failure (16). Moreover, MEMS appears to improve 

adherence slightly, especially when the system is used for a short time (17). 

The new RTMM system also uses an electronic medication dispenser which 

monitors patients’ medication use but, as opposed to MEMS, it registers this 

data in real time at a central server. This real time information is directly 
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available through the internet for patients as well as for their care providers. 

Furthermore, the RTMM system combines monitoring of medication use with 

a reminder aspect. An explorative study in which patients were reminded 

daily of their medication intake through a short message service (SMS) 

showed short-term improvement of adherence among diabetes type 2 patients 

(18). However, the effects diminished over time. This might have been the 

result of the SMS reminders becoming a routine, as in this study they were 

sent before every intake, and were not triggered by the actual medication use. 

As the RTMM system registers medication intake data in real time, it is 

possible to remind patients only when necessary, that is when they actually 

forget to take their medication. Patients who take their medication in time do 

not receive SMS-alerts. In this way habituation, and the possible loss of 

effectiveness associated with it, can be averted. As such, the RTMM system 

provides opportunities to improve adherence to medication. 

Interventions using reminders to improve adherence, such as the one 

described in this article, are primarily based on the principles of behavioural 

learning theory, one of the five theoretical perspectives on adherence outlined 

by Leventhal and Cameron (19). According to this theory, behaviour depends 

on stimuli or cues, either internal (thoughts) or external (environmental 

cues), which elicit certain behaviour. As such the desired behaviour can be 

learned and maintained by automation after sufficient repetition. The 

intervention tested in this study aims to modify the behaviour of non-

adherent patients by sending external stimuli, in this case SMS reminders. 

In addition to the simplicity for the patient and the feasibility of 

implementation in busy daily practice, interventions also need to be tailored 

to the patients’ reasons for not adhering to medication treatment. Here, two 

types of non-adherence can be distinguished: intentional non-adherence 

where the patient deliberately misses or alters the doses and unintentional 

non-adherence where the patient simply forgets to take the medication. 

Interventions aimed at improving adherence should address these two types 

separately (20-22). Increasing one’s awareness of the benefits of the 

medication is unlikely to improve adherence in patients who unintentionally 

fail to adhere to medication. Likewise, reminding patients to take their 

medication will not be helpful for patients who decide to miss or alter their 

dosage on purpose. Although both types of non-adherence are common, 

patients more often report unintentional non-adherence (21,22). RTMM can 
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be especially useful in improving adherence for these patients who forget to 

take pills or are inaccurate in their timing. 

A small pilot project reported patients’ positive experiences with this new 

system (23). However, the effects of the system on adherence levels are yet to 

be investigated. This study proposes a Randomised Controlled Trial (RCT) to 

evaluate the effect of RTMM on medication adherence in patients with type 2 

diabetes. The prevalence of diabetes is high and continues to increase.  

Adherence to oral antidiabetics ranges from 36% to 93% (24). Improving 

adherence in diabetes patients leads to better glycaemic control and could in 

the long-term reduce the incidence of micro- and macrovascular 

complications associated with diabetes (25,26). Furthermore, an increase in 

adherence in diabetes patients can lead to a net reduction in healthcare costs 

(3).  

The main objective of the intervention study described in this article is to 

evaluate the effect of RTMM with SMS reminders on the adherence to oral 

antidiabetic medication of diabetes type 2 patients with suboptimal levels of 

adherence. The central research question that will be addressed in this study 

is: To what extent does adherence to oral antidiabetic medication improve in 

patients who use the RTMM system with SMS reminders compared to 1) 

patients who use the RTMM system without SMS reminders, and 2) patients 

who receive usual care? 

This article describes the design of this study and discusses the strengths and 

limitations of the study protocol. The results will be published in separate 

articles. 

 

 

Methods/design 

 

Design 

This study is a Randomised Controlled Trial (RCT) with two intervention 

arms and one control arm involving diabetes type 2 patients selected from 40 

pharmacies belonging to Mediq, a Dutch pharmacy chain. Patients are 

randomly assigned by the research group to one of the three groups. Patients 

are invited by their pharmacy to participate in the study. Patients in the two 

intervention groups use the RTMM system either with SMS reminders (first 

intervention group) or without SMS reminders (second intervention group) 
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for a period of six months. Patients in the control group are not exposed to 

any intervention. Pre- and post-tests as well as a follow-up test are performed. 

A flowchart of the study is shown in Figure 1. 

 

 

Figure 1:  Flowchart of the intervention study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ethical approval 

The Medical Ethics Committee of the Utrecht Academic Medical Centre 

approved the protocol (METC protocol number 08-165/C). The anonymity of 

every patient is guaranteed because all data are coded. Neither NIVEL nor the 
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head office of Mediq nor Evalan (the supplier of the RTMM system) has access 

to information on individual patients. Only the pharmacies are able to link 

patient codes to individual patient information. Furthermore, all participants 

sign informed consent. 
 

Participants 

The inclusion criteria for participants in this study are: 

1) Using oral antidiabetic medication for at least one year. 

There are three phases in pharmacotherapy: acceptance of the treatment 

plan, execution of the drug regimen and discontinuation of dosing (27). 

We include patients who are beyond acceptance, the first phase, thus 

patients who have used their medication for at least one year. As such we 

deliberately exclude patients who have not yet accepted their treatment 

as these patients might be at increased risk of early discontinuation of the 

therapy. 

2) If insulin is used in combination with oral medication: using insulin for at 

least six months. 

Patients who only recently initiated insulin therapy along with their oral 

antidiabetics, within the past six months, are excluded as these patients 

might still be experimenting with the right combination of insulin and 

oral antidiabetics.  

3) Having a refill adherence of less than 80% calculated from pharmacy 

dispensing data from 11 months preceding the intervention.  

One of the recommendations of Van Dulmen et al. is to focus 

interventions on patients with suboptimal levels of adherence (8). The 

reason to select patients who have an adherence level lower than 80% is 

that these patients are more likely to benefit from the proposed 

intervention. The 80% cut-off point is used because missing 20% of the 

daily prescribed doses is a relevant gap between prescribed and used 

medication. We estimated that this cut-off point should provide sufficient 

eligible patients per pharmacy to participate in the intervention. A lower 

cut-off point would result in more pharmacies having to participate and 

this would lower the feasibility of the study. 
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4) Age between 18 and 65 years. 

Patients older than 65 years are excluded because they frequently have a 

more complex clinical picture, with several (chronic) diseases, more 

complications, and several different medications to take. 

5) Collected the last prescription for oral antidiabetics within the two 

months prior to the intervention.  

Patients should have collected their prescription recently, within two 

months, to exclude patients who might have stopped taking their 

medication completely. 

6) Having knowledge of the Dutch language.  

The questionnaires and the written patient information about the RTMM 

system are in Dutch; therefore patients need to understand the language. 

7) Using a mobile phone. 

The intervention aims at improving adherence through SMS reminders if 

necessary, thus patients have to be in possession of a mobile phone. 

 

Patients who meet inclusion criteria one, three and four are selected through 

an automated search in the pharmacy data of 40 pharmacies. Patients who do 

not meet criteria two and five are excluded on the basis of manual evaluation 

of the refill data of the selected patients. Patients are randomly assigned, per 

pharmacy, by the research group to one of the three groups. The age and 

gender distribution in the three groups as well as the number of patients who 

use insulin beside oral antidiabetics are evenly distributed in the three groups. 

This type of randomization is known as restricted randomization. The patient 

numbers, along with the group assignments, are communicated to the 

pharmacies. The last two criteria, having knowledge of the Dutch language 

and possessing a mobile phone, are not available from the pharmacy data and 

are therefore asked when the patient is invited by the pharmacy. 

 

Intervention 

The intervention consists of providing RTMM with SMS reminders to diabetes 

type 2 patients who have suboptimal adherence levels to improve their 

adherence to oral antidiabetic medication. Patients are invited by their 

pharmacy to participate in the study. Pharmacists and/or pharmacy assistants 

are instructed by members of the project team about the procedure how to 

include patients. The instruction covers how to approach patients, provide the 
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RTMM system and inform patients about the intervention.  

Patients in both intervention groups receive their oral antidiabetics in the 

electronic medication dispenser. During the six-month intervention period, 

the actual medication use of patients is registered in real time at a central 

database, hosted by the supplier of the RTMM system, Evalan. The main 

researcher (Vervloet) receives an account with which she can log onto this 

database at any time to retrieve the data. Patients in the first intervention 

group, from here on called SMS group, receive an SMS reminder if they do not 

open their medication dispenser within an agreed time period. These time 

periods are chosen by the patient during the intake in the pharmacy. The 

number of specified time periods is equal to the number of daily doses 

prescribed by the general practitioner. One time period is specified for a once 

daily dose regimen, two time periods are specified for a twice-daily dose 

regimen and three time periods are specified for a three times daily dose 

regimen. For every patient, the pharmacy staff is provided with a form on 

which these time periods and the patient's mobile number can be completed. 

This form is sent to Evalan, where the dispenser is programmed accordingly. 

These time periods are also communicated to the main researcher. The SMS 

reminder is sent at the end of this period when the dispenser has not been 

opened. Patients, as well as their pharmacists, receive an internet account 

through which they can monitor their medication use. Patients in the second 

intervention group, from here on called non-SMS group, receive their 

medication in a similar medication dispenser, but without SMS reminders and 

an internet account. The medication use of these patients is also registered in 

real time at a central database. Patients in the third group, the control group, 

receive usual care. They are not exposed to any intervention and they are not 

approached during the six months. 

 

Measurements 

The medication use of patients in both intervention groups is registered by 

the RTMM system for a period of six months. Pharmacy data are collected for 

all participating patients over a total period of 22 months. This comprises 11 

months prior to the intervention, for a pre-test, six months during the 

intervention, for a post-test, and five months after the intervention, for a 

follow-up test. Data include patient characteristics such as age and gender, 

and the quantity and regimen information of all dispensed medication. 
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Primary outcome measure is the adherence to oral antidiabetic medication, 

which is calculated from data collected through electronic monitoring 

(RTMM) and pharmacy refill data. 

1) Adherence calculated from data registered by the RTMM-system is 

defined as: 

a. the number of medication doses taken divided by the number of 

prescribed doses; 

b. the number of medication doses taken within the correct time 

interval, the time period being agreed with the patient, with a 

range of x hours after this period divided by the number of 

prescribed doses; 

These outcome measures are used to study differences in the level of 

adherence between the two intervention groups during the intervention. In 

addition, the effect of the SMS reminders on taking medication on time is 

studied. The proportion of patients who need reminders is studied as well as 

changes in this proportion over time. Furthermore, by varying the cut-off 

points for adherence we investigate the effects of this variation on the 

outcome using sensitivity analysis. 

 

2) Adherence calculated from pharmacy refill data is defined as the number 

of days for which the oral antidiabetic medication is dispensed during the 

study period divided by the total number of days of the study period. 

This outcome measure is used to study differences in the level of adherence 

between the three groups before and after the intervention. Moreover, it is 

used to study whether the adherence of the two intervention groups differs 

from the control group during the intervention. 

Furthermore, two questionnaires, one pre-test and one post-test, are 

completed by all participants. For comparability, questions at post-test are 

mostly similar to those at pre-test. Socio-demographic factors such as age, 

gender, education level and ethnicity, are asked only in the pre-test 

questionnaire. Both questionnaires contain questions about factors that may 

be associated with adherence, such as patients' beliefs about their diabetes 

medication and their illness perceptions. Questions about patients' 

experiences with RTMM are added to the post-test questionnaire for patients 

in both intervention groups. 
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Sample size calculation 

Sample size calculations are based on the expected effect of the intervention 

on the primary outcome which is the adherence. However, as this is the first 

study on the effects of RTMM on levels of adherence, there are no data on 

which to base our expectations. Most studies on improving medication 

adherence have relatively small effects. We, therefore, hypothesize that the 

difference in adherence level between the SMS group and control group at the 

end of the intervention is 10 percent. Power analysis showed that, using a one-

sided t-test (alpha = .05) for a 10 percent difference (SD = 20), with a power of 

0.90, 69 patients are needed in each arm. 

 

Data analysis 

Data are analysed based upon an intention-to-treat principle (28). All 

patients, regardless of whether they actually finish the intervention, are 

included in the analysis. Descriptive analyses are obtained about the 

demographic characteristics of patients and other control variables in both 

the pre- and post-test in all three groups. Differences are tested using chi-

square or t-tests. To test the effect of the intervention a multilevel design is 

used, since the data have a nested structure. Medication events are clustered 

within patients, and patients are clustered within pharmacies. The primary 

outcome, the adherence, is the dependent variable. All independent variables 

of importance, for example socio-demographic factors and medication 

regimen, are included in the model to adjust for these variables. Data are 

analysed with Stata 10.0 for Windows and MLwiN 2.11 for multilevel 

modelling. 

 

 

Discussion 
 

The intervention study described in this article is based on the innovative Real 

Time Medication Monitoring (RTMM) system. This system is the first to 

combine real time monitoring patients' medication use with sending 

reminders through SMS only when medication is actually forgotten. 

Reminding per SMS is a relatively simple method with low intrusiveness (29). 

As such, RTMM appears to be a simple intervention for patients. Haynes and 

colleagues concluded in their review that for short-term treatments, quite 
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simple interventions increased adherence. For long-term treatments, only 

some complex interventions led to improvements in health outcomes (9). 

However, complex interventions are difficult to implement, time-consuming 

and very labour-intensive. Simple interventions that are relatively easy to 

implement in busy daily practice are most promising (8,10). This conclusion 

was shared by a forum of twenty internationally renowned experts in the field 

of adherence (30). Furthermore, the intervention is aimed at patients with 

suboptimal levels of adherence. These are the patients who could benefit most 

from interventions aimed at improving adherence. However, the 

identification of these patients appears to be difficult (10). We believe that 

through our selection criteria we will capture a group of non-adherent 

diabetes type 2 patients. However, it yet needs to be proven that our criteria 

have indeed selected a group of patients for whom an intervention such as 

RTMM can be beneficial. 

 

Strengths and limitations 

A common critique of electronic medication monitoring based on the time 

and date the medication dispenser is opened, is that it cannot be confirmed 

that the medication is actually taken or that no more or no less than the 

prescribed dose is taken. Only drug assays can confirm ingestion. However, 

studies comparing the sequence of medication events with projected and 

periodically measured concentrations of the drug in plasma, confirmed the 

validity of medication event monitors. Mismatches between medication 

events and actual dosing were too rare to create substantial differences 

between projected and actual concentrations of the drug in plasma (31-34). 

Moreover, other methods to measure adherence such as self-report and pill 

count tend to overestimate adherence (35). 

In addition, there is no consensual standard of 'good adherence', because the 

level of adherence necessary to achieve the desired effect varies between 

medications and between and within patients (36). We used the cut-off point 

of 80% to label patients as adherent (above 80%) or non-adherent (below 

80%). Although arbitrary, this cut-off point is more commonly used in studies 

on adherence (2,37,38). Furthermore, a lower cut-off point would result in 

smaller numbers of patients per pharmacy eligible to participate in the 

intervention. More pharmacies would then be needed to achieve desired 

patient numbers, lowering the feasibility of the study. 

Participation is restricted to pharmacies belonging to one pharmacy chain. 
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The success or failure of the intervention could therefore be attributed to 

specific characteristics of pharmacies within this chain. However, the diversity 

of pharmacies within this chain is large and a Dutch study has shown that 

being part of a chain does not make a difference in the quality of care as 

perceived by patients (39). 

Theoretically, it is possible for the supplier of RTMM (Evalan) to manipulate 

the data on medication use registered at the central database. However, both 

patients and pharmacists have direct access to the data, they can log onto this 

database at any given time to view the patients' medication use. Furthermore, 

the primary outcome of this study which is adherence to oral antidiabetics, is 

not only based on RTMM data, but also on pharmacy refill data. Manipulation 

of the RTMM data would result in a discrepancy between the RTMM data and 

the refill data (internal inconsistency). Most importantly, the ultimate effect 

of the intervention is determined by analysing pharmacy refill data, since for 

the control group no RTMM data is available. 

The management of diabetes involves a healthy lifestyle and long-term 

adherence to treatment, aimed at preventing or delaying microvascular and 

macrovascular complications. The main health outcome in diabetes type 2 

patients is to achieve and maintain good glycaemic control, that is an optimal 

blood glucose level (HbA1c). One of the factors that contribute to achieving 

glycaemic control is therapy with antidiabetic medication. Therefore, 

medication adherence is an intermediate outcome measure. However, several 

studies have shown that improvement of medication adherence leads to 

better glycaemic control (26,40,41). 

 

Conclusion 

If this intervention, based on providing RTMM with SMS reminders to 

diabetes type 2 patients with suboptimal adherence to achieve higher 

adherence levels, proves to be effective it can be considered for use in various 

patient populations to support patients in their medication use and improve 

their adherence. 
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Abstract 
 

Objective To investigate short and long-term effects of real-time monitoring 

medication use combined with SMS reminders for missed doses on refill 

adherence to oral antidiabetics. 

 

Research Design and Methods A randomised controlled trial with two 

intervention groups and one control group involving 161 type 2 diabetes 

patients with suboptimal adherence. For six months, patients in the SMS 

group (n=56) were monitored and received SMS reminders if they missed 

their medication. Patients in the non-SMS group (n=48) were only monitored. 

The control group (n=57) was not exposed to any intervention. Primary 

outcome measure was refill adherence to oral antidiabetics. Multilevel 

regression analyses were performed to examine intervention effects on 

adherence between and within groups after one and two years of follow-up. 

 

Results At baseline, mean refill adherence was comparable between the 

groups. After one year, adherence in the SMS group was significantly higher 

than the control group (79.5% versus 64.5%; p<.001), and showed a significant 

improvement from baseline (+16.3%; p<.001). Mean adherence in the non-SMS 

group reached 73.1% (+7.3%; p=.012), but did not differ from the control group 

(p=.055). After two years, the improved adherence in the SMS group persisted 

and remained significantly higher than the control group (80.4% versus 

68.4%; p=.008), contrary to the non-SMS group whose adherence approached 

baseline level (65.5%).  

 

Conclusions This study shows the long-term effectiveness of Real Time 

Medication Monitoring combined with SMS reminders in improving refill 

adherence. This new reminder system can strengthen the self-management of 

diabetes patients.  

 

Trial registration Netherlands Trial Register NTR1882 
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Introduction 
 

The management of type 2 diabetes aims at achieving glycaemic control, i.e. 

keeping the blood glucose level within the recommended range, as it is well 

established that this results in a significant reduction of the incidence of 

microvascular and macrovascular complications associated with diabetes (1,2). 

Although there are more factors that affect the blood glucose level, long-term 

adherence to medication treatment has clearly shown to improve glycaemic 

control (3-6). Nevertheless, many patients experience difficulties in adhering 

to their prescribed treatment. A systematic review revealed that adherence to 

oral antidiabetic medication ranges from 36% to 93% (7). When oral 

antidiabetic therapy is insufficiently effective in maintaining glycaemic 

control, patients need to be started on insulin therapy. However, many 

patients are anxious about switching to insulin and therefore fail to start 

treatment (8-10). Improving adherence to oral therapy may delay the 

initiation of insulin therapy.  

One of the most commonly reported barriers to adherence in type 2 diabetes 

patients is forgetfulness (11,12). Reminding these patients of their medication 

intake may lead to better adherence. Electronic reminder systems, for which 

no additional effort from patient or professional is required, have shown to be 

effective in improving adherence to medication in cardiovascular disease (13) 

and other long-term medication (14). Especially SMS reminders seem to be 

promising in improving adherence (14). However, most studies have 

demonstrated short-term effects of reminding on adherence, whereas long-

term effects remain unknown (14). Although regular medication use is very 

important for type 2 diabetes patients in obtaining glycaemic control, no 

study focused specifically on reminding this patient group of their medication 

intake. Furthermore, all studies used SMS reminders that were automatically 

sent regardless whether a patient had taken the medication or not. This might 

lead to annoyance if the patient already took the medication, but it might also 

eventually lead to loss of effectiveness when the automated reminders become 

a routine. To avoid these undesirable situations, we used an innovative 

reminder system based on Real Time Medication Monitoring (RTMM) that 

only reminds patients when a dose is missed. RTMM uses an electronic 

medication dispenser with which patients’ medication intake (date and time 

of each dispenser opening) is registered in real-time. Because of this real-time 
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registration a missed dose can be identified as it happens, providing the 

opportunity to intervene by sending an SMS reminder to patients only when 

they forget to take their medication. No reminder is sent when the medication 

is taken.  

The aim of this study is to investigate both short and long-term effectiveness 

of RTMM with SMS reminders for missed doses only in improving adherence 

in type 2 diabetes patients. As interventions designed to improve adherence, 

such as reminder systems, might be most beneficial if they are aimed at 

patients who experience problems in taking their medication (15), we aimed 

our intervention on patients who have suboptimal adherence levels.  
 
 

Research design and methods 
 

Design and participants 

We conducted a randomised controlled trial with two intervention groups 

and one control group involving type 2 diabetes patients with suboptimal 

adherence to oral antidiabetics. The trial protocol is described in detail 

elsewhere (16). Briefly, patients were eligible for participation if they met all of 

the following criteria: 1) using oral antidiabetic medication for at least one 

year; 2) when combined with oral medication: using insulin for at least six 

months; 3) having a refill adherence of less than 80% (percentage of 

prescriptions filled at the pharmacy); 4) aged between 18 and 65 years; 5) 

collected the last prescription for oral antidiabetics within two months prior 

to the intervention; 6) having knowledge of the Dutch language; 7) using a 

mobile phone. A total of 604 eligible patients were identified from pharmacy 

data from 40 Mediq pharmacies, a large Dutch pharmacy chain, based on the 

first five selection criteria and were randomly assigned within each pharmacy 

to one of the three groups. The last two criteria were applied by the pharmacy 

staff when they invited patients to participate in the study, which resulted in 

exclusion of 56 patients. Of the remaining 548 eligible patients, 161 (29.4%) 

participated in the trial. The number of included patients per pharmacy varied 

strongly, the response rate varied from 6-67%. Patients enrolled between July 

2008 and May 2009. All patients provided written informed consent. The 

study protocol was approved by the Medical Ethics Committee of the Utrecht 

Academic Medical Centre and registered in the Primary Registry of the 

Netherlands (trial register number NTR1882). 
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Intervention 

During six months, patients in the first intervention group (SMS group) and 

the second intervention group (non-SMS group) used an electronic 

medication dispenser for their oral antidiabetic medication. When the 

dispenser is opened, a message containing date and time of the opening is 

directly sent through the GSM network to a central server. Patients in the SMS 

group received SMS reminders if they had not opened the dispenser within a 

time period upon which they had agreed with their pharmacist to take their 

medication. The reminder included the text “Have you taken your medication 

yet? Please take your medication as prescribed by your health care provider.”, 

and was sent once for each missed dose. Patients in the non-SMS group did 

not receive these reminders. We included this group to investigate the effect 

of being monitored with RTMM on adherence. Patients in the control group 

were not exposed to any intervention.  

 

Outcome measure and measurements 

The primary outcome measure was adherence to oral antidiabetic medication 

based on pharmacy refill data and measured as medication refill adherence 

(MRA). To calculate the MRA, the total days’ supply of medication was 

divided by the number of days of the study period and multiplied by 100 to 

provide an overall adherence percentage (17). The days’ supply was calculated 

allowing for non-overlapping switches from one to another type of oral 

diabetes medication and by taking into account changes in dose regimen. The 

study period was uniform for all patients and was 365 days. Because of this 

uniform denominator early discontinuation is taken into account in 

calculating the refill rate. Other adherence measures that use the period 

between the first and last refill, tend to overestimate adherence for patients 

who stopped treatment (18).  

Three refill rates were calculated: one over the year directly preceding the 

intervention (baseline refill rate), one over the year following the start of the 

intervention (to investigate short-term effects) and one over the second year 

since the start (for long-term effects). 

Pharmacy refill data were retrieved based on anonymous patient numbers 

from the central database of Mediq that contained data from every Mediq 

pharmacy. However, during the intervention and follow-up period, a number 

of pharmacies switched their information system, permanently closed or 
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merged into a larger cluster, resulting in reassignment of patient numbers. 

Consequently, these patients could not be traced in the database and their 

refill data could not be retrieved. As such, refill adherence rates could be 

calculated for 126 patients for short-term follow-up and 110 patients for long-

term follow-up. Figure 1 shows a flowchart of participant involvement in this 

study. 

 

Figure 1: Flowchart of participant involvement in this study. 
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Statistical analyses 

Differences in baseline characteristics including baseline refill adherence 

between the three groups were tested with Student’s t-test, Chi-square test or 

Fishers’ exact test where appropriate. Multilevel analyses (MLA) were 

performed to analyse the effect of the intervention, taking into account the 

dependency of the three measurements – the pre-test, first year follow-up and 

second year follow-up – within patients (19). More importantly, with MLA 

patients can be included in the analyses although they do not have a refill rate 

for all three measurements. As such, in accordance with the intention-to-treat 

principle all but one patient for whom no rate could be calculated at any of 

the measurements were included in the MLA. With the refill rate as the 

continuous dependent variable, a multilevel linear regression model with two 

levels (patient and measurement) was used. The group to which patients were 

assigned (SMS, non-SMS or control group) was added as a factor variable. An 

interaction term was included in the analyses (group*measurement) as it was 

expected that the effect of the intervention would differ between groups and 

between measurements. The model was fitted with maximum likelihood 

estimation. Adherence differences were tested two-tailed, the significance 

level was set at p<.05. Two sensitivity analyses were performed to test the 

robustness of our findings: one in which patients who had missing refill rates 

were excluded (per-protocol analysis), and one in which patients with 

incomplete refill data were included for whom a refill rate was calculated over 

the available period as long as this was minimally a half year. All analyses were 

performed with Stata SE 12.1 (StataCorp, College Station, TX). 
 
 

Results 
 

A total of 161 patients participated in the trial: 56 patients in the SMS group, 

48 in the non-SMS group and 57 in the control group. Patients in the three 

groups had comparable baseline characteristics (Table 1). The mean age was 

55 years and about half of the patients were male. About 30% of patients 

combined their oral antidiabetics with insulin. 

At 12 and 24 months, respectively 126 and 110 patients were followed-up 

(Figure 1). Non-response analyses revealed that patients who were lost to 

follow-up at either short or long-term did not significantly differ in baseline 

characteristics from patients with complete follow-up. 
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Table 1: Characteristics of participants at baseline
*
. 

 

 SMS group 
(n=56) 

Non-SMS 
group (n=48) 

Control 
group (n=57) 

Age (years), mean ± SD 54.9 ± 6.6 54.6 ± 6.9 55.4 ± 7.8 
Male, n (%) 31 (55.4) 26 (54.2) 29 (50.9) 
    
Educational level1, n (%)    
Low 17 (30.4) 17 (35.4) 26 (45.6) 
Medium 18 (32.1) 10 (20.8) 20 (35.1) 
High 11 (19.6) 12 (25.0)   9 (15.8) 
    
Ethnicity1, n (%)    
Native Dutch 29 (51.8) 26 (54.2) 39 (68.4) 
Western immigrant   3 (5.4)   2 (4.2)   6 (10.5) 
Non-Western immigrant 15 (26.8) 12 (25.0) 12 (21.1)   
    
Household composition1, n (%)    
Living alone 6 (10.7) 6 (12.5) 11 (19.3) 
Living with partner, children or others 39 (69.6) 32 (66.7) 44 (77.2) 
    
Insulin use2, n (%) 18 (32.1) 14 (29.2) 17 (29.8) 
Co-medication2 (excl. insulin), n (%) 54 (96.4) 44 (91.7) 53 (93.0) 
Duration disease (years), mean ± SD 10.6 ± 10.8 8.2 ± 8.6 8.7 ± 6.8 
    
Complications diabetes1, n (%)    
Yes 10 (17.9) 3 (6.3) 8 (14.0) 
No 35 (62.5) 36 (75.0) 47 (82.5) 
    
Medication regimen, n (%)    
One daily dose 11 (19.6) 12 (25.0) 13 (22.8) 
Two daily doses 25 (44.6) 27 (56.3) 25 (43.9) 
Three daily doses 20 (35.7)   9 (18.8) 19 (33.3) 
 

1 The numbers and percentages add up to less than total due to missing values. 
2 Use of insulin or other co-medication was identified from pharmacy refill data. 
* No significant differences were found between the groups. 

 
 

Short-term effectiveness of the intervention 

At baseline, mean refill adherence did not significantly differ between the 

groups, being 63.2%, 63.0% and 61.1% in the SMS, non-SMS and control group, 

respectively. After one year, refill adherence was increased in all three groups 

(Figure 2). Patients who had received reminders for six months reached an 

adherence of 79.5%. The adherence rate of patients who had only been 

monitored for six months and of patients who had received usual care were 

73.1% and 64.5%, respectively.  
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Figure 2: Mean refill adherence at baseline, over year 1 (short-term) and year 2 

(long-term) in the SMS, non-SMS and control group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Multilevel analyses showed that after one year, mean refill adherence of 

patients in the SMS group was significantly higher than that of patients in the 

control group (mean difference: 15.0% [6.7-23.4]; p<.001) (Table 2). The 

difference between the non-SMS group and control group was not significant 

(mean difference: 8.6% [0.2-17.5]; p=.055), neither was the difference between 

the SMS and non-SMS group (mean difference: 6.4% [2.2-15.0]; p=.147). 

Adherence significantly improved relative to baseline in the SMS group (+ 

16.3% [9.2-23.4]; p<.001) and non-SMS group (+10.1% [2.2-18.1]; p=.012), not in 

the control group. 
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Table 2: Results of the multilevel linear regression analyses: estimated means 

of refill adherence of groups over time. 

 
 Refill adherence (%) 

 SMS group Non-SMS group Control group  
(=ref between group) 

 mean (SE) mean (SE) mean (SE) 

Baseline (t0) 63.2 (2.8) 63.0 (3.1) 61.1 (2.7) 
year 1 79.5 (2.9)*** 73.1 (3.3) 64.5 (3.1) 
year 2 80.4 (3.2)** 65.5 (3.5) 68.4 (3.3) 
    
 mean Δ (95% CI) mean Δ (95% CI) mean Δ (95% CI) 
t0 – year  1 +16.3 (9.2-23.4)*** +10.1 (2.2-18.1)* +3.4 (-3.9-10.7) 
t0 – year  2 +17.2 (9.7-24.6)*** +2.5 (-5.7-10.7) +7.3 (-0.3-14.8) 
year 1 - year 2 +0.9 (-6.6-8.4) -7.7 (-16.0-0.7) +3.9 (-4.0-11.7) 

 

Significance levels: * p<.05; ** p<.01; *** p<.001. 

 

 

Long-term effectiveness of the intervention 

In the second year, refill adherence of patients who had received reminders 

remained stable at 80.4%, whereas that of patients who had only been 

monitored approached their baseline level (65.5%). Adherence in the control 

group slightly further increased to 68.4% (Figure 2).  

The multilevel analyses (Table 2) revealed that the adherence of patients in 

the SMS group was still significantly higher than the control group after year 

two (mean difference: 12.0% [3.1-21.0]; p=.008). In addition, the adherence in 

the SMS group was now also significantly higher than that in the non-SMS 

group (mean difference: 14.9% [5.7-24.1]; p=.001). No differences were found 

between the non-SMS and control group. Whereas adherence in the non-SMS 

and control group did not differ from baseline after year two, adherence in the 

SMS group remained significantly higher relative to baseline (p<.001).  

 

Sensitivity analyses 

Repeating the analyses with only those patients for whom a refill rate could be 

calculated for all three measurements (a per-protocol analysis with 100 

patients) revealed similar results for both short and long-term effectiveness. 

For patients who had incomplete pharmacy refill data, refill rates were 

calculated over the period for which they had data available (with a minimum 

of a half year). As such, a refill rate could be calculated for 145 patients over 
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year one and 118 patients over year two. Repeating the analyses with these 

patients also provided the same results both in the short-term and the long 

run. 

 

 

Conclusions 

This study shows that Real Time Medication Monitoring combined with SMS 

reminders for missed doses improves refill adherence to oral antidiabetics 

both in the short-term (after one year) and long-term (after two years). 

Patients using RTMM without SMS reminders also showed an improved 

adherence after one year, suggesting a monitoring effect. Whereas this 

monitoring effect diminished in year two, the improved refill adherence of 

patients who had received reminders persisted.   

 

To our knowledge, this is the first study in which SMS reminders were sent to 

type 2 diabetes patients in an effort to improve their adherence. One study 

involving patients with any chronic medication, including a small sample of 

patients using antidiabetics, showed a higher adherence rate in patients 

receiving text messages, but these messages could contain other reminders 

than for the medication intake itself (20). Our findings are in line with 

previous studies evaluating the effect of SMS reminders on adherence in other 

patient populations (14). However, contrary to our study, they evaluated 

automated reminders sent regardless of whether the patients took the 

medication or not. An exception is a recent pilot study which also found 

positive effects of reminding only when the medication has not been taken 

within a certain timeframe on elderly patients’ adherence to vitamin C (21). 

Furthermore, previous studies only investigated short-term effects of 

reminders, whereas our study also examined whether or not the effects 

remained when the reminders stopped after ending the intervention.  

Our study suggests that providing patients with RTMM and SMS reminders 

for six months is sufficient to improve adherence in the long run. Whereas the 

reminders stopped after six months, patients still remembered to take their 

medication after two years. The mechanism that might underlie this result is 

based on the principles of the behaviour theory. As a result of sufficient 

repetition of external stimuli, in this study the SMS reminder, patients learn 

the desired adherent behaviour (22,23). Patients might also have incorporated 
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the medication intake into their daily routine by providing cues for 

themselves to take their medication after the intervention ended. 

 

The increase in refill adherence in the non-SMS group after the first year 

indicates that patients’ awareness of being monitored has an effect on 

adherence. This monitoring effect has also been found in earlier studies 

(24,25). In line with the findings of Van Onzenoort et al. (26), the monitoring 

effect diminished over time. The increased refill adherence of patients in the 

control group in the first year may be explained by the fact that they were 

asked to complete a pre- and post-test questionnaire. It is known that 

participation in a study might already improve patients’ outcomes (27). 

Moreover, a study involving patients on antihypertensive treatment showed 

that refill adherence of patients who keep taking their medication (i.e. who 

are persistent) increased over time (28). This might also explain the increase 

in adherence in the control group in year two. 

 

Our study was aimed at non-adherent patients, as these patients benefit most 

from an adherence improving intervention (15). As such, mean refill 

adherence at baseline was low (61-63%) in all three groups. Resulting from our 

intervention, patients who had received reminders reached a mean adherence 

rate of 80%, which is a considerable improvement in adherence. Furthermore, 

80% adherence is often seen as a minimum level of adherence to attain 

treatment goals (29).  

 

In this study pharmacy refill data were used to measure adherence. Although 

filling a prescription does not automatically indicate that the medication is 

taken, this method is seen as an objective and accurate method in a closed 

pharmacy system (30). In the Netherlands, most patients obtain their 

prescription refill from one and the same pharmacy (31). It also enables 

following patients for a longer time period, which would be less feasible and 

more expensive with for example electronic monitoring devices. The results of 

this study confirmed the findings from our previous study in which 

differences in electronically monitored adherence between the SMS and non-

SMS groups were investigated. Whereas the regularity with which patients 

receiving reminders took their medication improved compared to patients 

who were only monitored, no significant difference in missed doses was found 
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between the groups after six months (32). This can be explained by the 

monitoring effect found in the non-SMS group in the present study.  

 

Limitations of the study 

One limitation is the small number of patients. This may have led to a 

selection of patients that participated in the trial. Nevertheless, the limited 

sample size did not prevent us from finding significant effects of the 

intervention on our outcome measure. Furthermore, the number of patients 

who were lost to follow-up was rather high. However, this was mainly a 

consequence of pharmacy-related factors (e.g. change in pharmacy 

information system), rather than patient-related factors. The fact that the 

patients who were lost to follow up did not differ in baseline characteristics 

from patients who had complete follow-up, suggests that this group was not a 

select group. In addition, the sensitivity analyses consistently showed the 

short and long-term effectiveness of RTMM with SMS reminders.  

Another limitation is the absence of a group of patients in the trial who used 

RTMM and received SMS reminders regardless of whether they had taken 

their medication or not. As such we cannot prove the added value of 

reminding only when necessary compared to reminding regardless whether 

the medication is already taken or not. An indication of this added value 

might be seen in the fact that in our study improved adherence rate persisted 

in the long run, which has not yet been demonstrated in earlier research with 

automated reminders. However, including a fourth arm in the trial would 

have required more pharmacies to participate in the study for achieving 

patient numbers, lowering the feasibility of the study. 

Finally, our study did not include clinical outcomes as our intervention aimed 

primarily on improving adherence. Therefore, the clinical impact of RTMM 

with SMS reminders was not examined. However, evidence from previous 

research suggests that adherence to oral antidiabetics is associated with 

improved glycaemic control (3-6). Nonetheless, further research of the impact 

of RTMM with SMS reminders on clinical outcomes is needed. 

 

Implications for clinical practice and future research 

This innovative reminder system supports patients who forget their 

medication or are inaccurate with their timing. After providing patients with 

the RTMM dispenser and making agreements about the time period within 
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which patients will take their medication, no additional effort from healthcare 

professionals is required. As such, it can strengthen patients’ self-management 

of which adherence is an important aspect.  

Not all patients benefit from this intervention as a number of patients 

remained non-adherent or discontinued their treatment. Further research 

with a larger patient sample is recommended to identify subgroups of patients 

for whom this intervention is most beneficial.  

In this study the effect of real-time monitoring with SMS reminding on 

patients’ adherence was investigated. Other possibilities of RTMM include 

giving patients feedback on their medication use based on their electronic 

monitoring data. The data registered with RTMM are directly available 

through the internet, providing an opportunity for professionals to signal 

problems in medication use as they occur and immediate feedback can be 

given. Previous research showed promising results of giving patients feedback 

based on electronic monitoring data (33-35). Future studies should investigate 

these possibilities in further enhancing adherence of type 2 diabetes patients.  

 

In conclusion, refill adherence of type 2 diabetes patients significantly 

improved with the use of this reminder system, with which medication use is 

monitored in real-time and SMS reminders are sent only for missed doses. 

The improved adherence rate persisted in the long run. As such, RTMM with 

SMS reminders supports patients in their medication use and can strengthen 

patients’ self-management of their diabetes. 
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Abstract 
 

Background Poor adherence to oral antidiabetics has a negative influence on 

glycaemic control in type 2 diabetes patients. Real Time Medication 

Monitoring (RTMM) combines real time monitoring of patients’ medication 

use with SMS reminders sent only if patients forget their medication, aiming 

to improve adherence. This study aimed to investigate the effect of these SMS 

reminders on adherence to oral antidiabetics in patients using RTMM and 

investigate patients’ experiences with RTMM. 

 

Methods Data were collected in a RCT involving 104 type 2 diabetes patients 

with suboptimal adherence to oral antidiabetics. Fifty-six patients were 

randomised to receive SMS reminders if they forgot their medication, 48 

patients received no reminders. Primary outcome measure was adherence to 

oral antidiabetics registered with RTMM, measured as: 1) days without dosing; 

2) missed doses; 3) doses taken within predefined standardized time windows. 

Patients’ experiences were assessed with written questionnaires.  

 

Results Over the six-month study period, patients receiving SMS reminders 

took significantly more doses within predefined time windows than patients 

receiving no reminders: 50% vs. 39% within a one-hour window (p=.003) up to 

81% vs. 70% within a four-hour window (p=.007). Reminded patients tended 

to miss doses less frequently than patients not reminded (15% vs. 19%, 

p=.065). Days without dosing were not significantly different between the 

groups. The majority of patients reported positive experiences with RTMM 

and SMS reminders. 

 

Conclusion RTMM with SMS reminders improves adherence of type 2 

diabetes patients, especially the precision with which patients follow their 

prescribed regimen, and is well accepted by patients.  

 

Trial registration Netherlands Trial Register NTR1882 
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Introduction 

 

The prevalence of diabetes is high and increases rapidly. In 2007, 740,000 

patients were diagnosed with diabetes in The Netherlands, 90% of these 

patients with type 2 diabetes (1). On the long-term, elevated blood glucose 

levels in type 2 diabetes patients can cause both macrovascular complications 

such as cardiovascular disease and stroke, and microvascular complications 

such as renal disease, blindness, foot ulcerations and nerve damage (1,2). An 

important goal in the treatment of type 2 diabetes is to achieve good 

glycaemic control (lowering the blood glucose to a level close to normal), 

thereby reducing the incidence of these complications. One of the key 

strategies in achieving glycaemic control is long-term adherence to oral 

antidiabetics (3-5). However, many patients experience difficulties in 

following the treatment as agreed with the health care provider. Reported 

adherence to oral antidiabetics ranges from 36% to 93% (6).  

Although patients’ reasons for not following the prescribed treatment are 

diverse, one of the most commonly reported barriers to adherence in type 2 

diabetes patients is forgetfulness (7,8). Reminding patients of their 

medication intake can help them overcome this barrier (9,10). Studies 

investigating the effect of reminder packaging (incorporating a date and time 

for medication to be taken in the package) and audiovisual reminders on 

medication devices revealed improved adherence rates, but the effects were 

only modest (11-13). Nowadays, as the number of mobile phone connections 

exceeds five billion worldwide (14), reminding patients of their medication 

intake through Short Message Service (SMS) is increasingly being 

implemented in interventions aimed at improving adherence. SMS allows for 

instantaneous delivery of short text messages to individuals at any time, place 

and setting. As such, SMS-reminding is a relatively simple method with low 

intrusiveness and relatively low costs (9). Previous studies evaluating the 

effect of SMS reminders on adherence showed positive results. Improved 

adherence rates to e.g. inhaler treatment in asthma patients (15), antiretroviral 

therapy in HIV patients (16-18), and immunosuppressive medication in liver 

transplant recipients (19) were demonstrated. In these previous studies, SMS 

reminders were sent regardless whether or not the medication was taken. This 

method may cause annoyance and may eventually lead to loss of effectiveness 

when the automated reminders become a routine. Pop-Eleches et al. found 
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that daily reminders, as opposed to weekly reminders, did not improve 

adherence to antiretroviral therapy. They considered habituation to a frequent 

stimulus or intrusiveness of daily messages as possible explanations (18).  

In our study, Real Time Medication Monitoring (RTMM) was introduced to 

avoid sending reminders to patients who already took their medication. 

RTMM combines electronic monitoring with SMS reminders. Like other 

electronic monitoring devices such as the Medication Event Monitoring 

System (MEMS), RTMM uses an electronic medication dispenser that records 

each date and time of dispenser opening at a central server, providing 

accurate and detailed data on actual medication use. However, RTMM 

registers these data in real time, making it possible to identify a missed dose 

as it happens. Because of the real time registration of patients’ medication use, 

the RTMM system has the unique feature to remind patients only if they 

forget to take their pills, thus to intervene only when this is necessary. In 

practice, this means that when a dispenser opening is registered, no SMS 

reminder is sent, but when the dispenser is not opened in time, the patient 

receives a SMS as a reminder to take the medication. As such, habituation or a 

high intrusiveness can be avoided.  

Two pilot studies involving HIV patients on antiretroviral therapy in Uganda 

used real time monitoring with Wisepill (20) and the Med-eMonitor (21). 

However, the real time monitoring was not combined with an intervention 

(such as reminding) when patients miss a dose. Both studies did show that 

these devices were feasible to use and accepted by patients.  

Our study is, to our knowledge, the first to evaluate this new Real Time 

Medication Monitoring system with customized SMS-reminding. 

Furthermore, up to now, no study has investigated the use of SMS reminders 

to support type 2 diabetes patients in their medication use. Therefore, the 

main aim of this study is to evaluate the effect of SMS reminders on the 

adherence to oral medication in type 2 diabetes patients. The use of an 

electronic monitoring device can already contribute to a higher adherence 

because of patients’ awareness of being monitored (22). To eliminate this 

effect, all patients in this study were electronically monitored with RTMM. 

Patients’ experiences with receiving SMS reminders are important aspects 

when it comes to patients’ acceptance of the system and its integration in 

everyday life. For example, patients who perceive the reminders as disturbing 

are less likely to use RTMM in daily life than patients who perceive the 
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reminders as a support in their medication use. The second aim of this study 

is thus to assess patients’ experiences. 

 

 

Methods 
 

Design 

Data for this study were collected in a Randomised Controlled Trial (RCT) 

with two intervention groups and one control group involving type 2 diabetes 

patients with suboptimal levels of adherence (pharmacy refill rate of their oral 

antidiabetic medication of less than 80%). Patients were recruited in 40 

pharmacies belonging to Mediq, a large Dutch pharmacy chain. In both 

intervention groups, patients received their oral antidiabetics in the RTMM 

medication dispenser and had their medication use registered in real time 

during a period of six months. Patients in the control group did not use 

RTMM. Including this control group enables us to study the effect of the 

RTMM dispenser itself on patients’ adherence by comparing the refill 

adherence of the control group with that of the group using the dispenser 

without being reminded. This article describes the impact of SMS reminders 

on adherence in patients who are electronically monitored, based on the 

detailed data of patients’ medication use registered with RTMM. Since the 

control group did not use RTMM, no detailed data on their medication use are 

available. Therefore this article focuses only on the two intervention groups.  

Both groups used the electronic dispenser, which sends a brief message to a 

central server each time it is opened. Each message that is generated by the 

dispenser is sent wirelessly, through the GSM network, to a central server. 

This message contains information about the date and time of the medication 

event (dispenser opening) and the identification number of the dispenser. The 

electronic dispenser works in nearly every country in the world at locations 

where mobile phones have network coverage.  

During the intake in the pharmacy, patients were informed about the study by 

the pharmacy staff, received the electronic dispenser with a brief user 

instruction, and chose one, two or three (according to their prescribed 

number of daily doses) time periods within which they would take their 

medication. These time periods were communicated to the supplier of RTMM, 

where the software was programmed once accordingly. The medication is 
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placed in the dispenser by the patients themselves. Patients in the first group 

(from here on called the SMS group) received an SMS reminder if they had 

not opened their medication dispenser within the agreed time period. The 

content of the reminder was: “Have you taken your medication yet? Please 

take your medication as prescribed by your health care provider”. In case of 

forgetting, only one reminder for each dose was sent, to avoid patients 

becoming annoyed with the alerts. The SMS reminder was sent at the end of 

the time period. Patients in the second group (in this study functioning as 

control group and indicated as such throughout this article) received the 

RTMM medication dispenser but did not receive SMS reminders. At the end 

of the six-month intervention period, all patients were asked to complete a 

questionnaire containing questions about their experiences with RTMM. 

Patients in both groups were asked about the awareness of their medication 

use and about their accuracy in taking medication since they used RTMM. In 

addition, patients in the SMS group were asked about their experiences with 

receiving SMS reminders. 

 

This trial is registered in the Primary Registry of The Netherlands (trial 

registration number NTR1882). Ethical approval was obtained from the 

Medical Ethics Committee of the Utrecht Academic Medical Centre (METC 

protocol number 08-165/C). All patients provided written informed consent. 

Further details on the study design are described in the trial protocol (23). 

 

Participants 

Inclusion criteria for participants in the RCT were: 1) using oral antidiabetic 

medication for at least one year; 2) if insulin was used in combination with 

oral medication: using insulin for at least six months; 3) having a refill 

adherence of less than 80% calculated from pharmacy dispensing data from 

eleven months preceding the intervention; 4) aged between 18 and 65 years; 5) 

having collected the last prescription for oral antidiabetics within the two 

months prior to the intervention; 6) having knowledge of the Dutch language; 

7) using a mobile phone. These criteria are elaborated upon in the trial 

protocol (23). Patients were selected from 40 Mediq pharmacies, located in 

both urban and rural areas. The first five selection criteria resulted in a total of 

415 patients who were eligible for participation in the study. Within each 

pharmacy, these patients were randomized (1:1) to either the SMS group 
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(n=207) or the control group (n=208). This randomisation was performed on 

anonymous data by the research group. The last two criteria, having 

knowledge of the Dutch language and using a mobile phone, were checked by 

the pharmacy staff when they contacted the patient for participation in the 

study. Furthermore, the staff checked whether the patient still used oral 

antidiabetics at that moment. These last criteria led to the exclusion of 43 

patients, resulting in 181 patients eligible for participation in the SMS group 

and 191 in the control group. Ultimately, 104 patients participated in either the 

SMS group (n=56, net group response: 30.9%) or the control group (n=48, net 

group response: 25.1%). A flowchart of participant involvement in this study is 

shown in Figure 1.  

 

Large differences were seen between pharmacies in the effort they made to 

invite patients for participation in the study. The number of recruited patients 

per pharmacy varied strongly, the response ranged from 6% to 67% with a 

median response rate of 25%.  

 

Outcome measures 

Adherence to prescribed treatment comprises two aspects: persistence which 

refers to how long patients follow treatment, and execution which refers to 

how well patients follow their prescribed regimen (24). This study focuses on 

the latter aspect and will be referred to as adherence throughout this article. 

 

 

 

 

 

 

 

 

 



108 Chapter 5 

Figure 1: Flowchart of participant involvement in this study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The primary outcome measure is adherence to oral antidiabetics, the quality 

of execution of the prescribed regimen, measured using three different 

measures:  

1) Number of days without dosing, calculated by adding up the days on 

which no single dose was taken (the dispenser was not opened at all).  
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2) Proportion of missed doses, which is a measure to assess whether the 

appropriate number of doses was taken each day. For each day, the 

number of dispenser openings was subtracted from the number of 

prescribed daily doses, providing the number of missed doses per day.  

For example, if a patient on a twice daily dose regimen opened the 

dispenser only once on a given day, this is counted as one missed dose. If 

the patient did not open the dispenser at all, two missed doses were 

counted. The proportion of missed doses was calculated by dividing the 

total number of missed doses by the total number of prescribed doses 

during the intervention period.  

3) Proportion of doses taken within agreed and predefined standardized time 

windows, which is a measure to assess the precision with which the 

patient adheres to the prescribed regimen. The agreed time period 

between patient and pharmacist that was programmed in the RTMM 

dispenser varied between patients. To eliminate this variation, 

standardized time windows were chosen centred around the midpoint of 

the agreed time window. Four standardized time windows were defined: 

from one up to four hours. Doses taken within a standardized time 

window of one hour was defined as doses taken within 30 minutes before 

and 30 minutes after midpoint of the agreed time window. For each of the 

four standardized time windows, this adherence measure was calculated 

by dividing the total number of dispenser openings within the time 

window by the total number of prescribed doses during the intervention 

period. 

These measures were calculated from data registered with the RTMM 

medication dispenser during the six-month intervention period. 

 

The secondary outcome measures include patients’ response to SMS 

reminders (impact of the SMS) and patients’ experiences with RTMM and 

with SMS reminders. To study how quickly patients responded to the SMS in 

taking their medication, the percentage of doses that patients took within 15 

minutes, within 30 minutes and within 60 minutes after the SMS reminder 

was sent was calculated. Patients’ experiences were assessed with a written 

questionnaire which was handed out to each patient at the end of the 

intervention.  
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The following aspects were measured:  

1) Patients’ judgement on their medication use. Patients were asked to rate 

their level of awareness of their medication use (from lower to higher) 

and to report the accuracy with which they took their medication (from 

worse to better) since they used RTMM;  

2) Patients’ experiences with SMS reminders. This only applied for patients in 

the SMS group, since patients in the control group did not receive 

reminders. Patients were asked their level of agreement (from (totally) 

agree to (totally) disagree) with five statements about the SMS reminders. 

 

The association between patients’ evaluation of the reminder system and the 

number of SMS reminders sent was also studied.  

 

Statistical analyses 

In accordance with the intention-to-treat principle, all patients, regardless of 

whether or not they finished the intervention, were included in the analyses. 

Differences in the primary outcome measure (multiple measures for 

adherence) between the two groups were tested with one-tailed tests, since 

we hypothesize that the adherence in the SMS group will be higher than in 

the control group. Differences between the two groups in background 

characteristics and in the secondary outcome measures (experiences with 

RTMM and reminders) were tested with Chi-square test or Fisher’s exact test 

(categorical variables) and T-test (continuous variables). Analyses were 

performed with Stata 10.0 for Windows. 

 

 

Results 
 

Characteristics of study participants 

A total of 104 type 2 diabetes patients participated in the study: 56 patients in 

the SMS group and 48 patients in the control group (Figure 1). No significant 

differences in baseline characteristics were found between the two groups 

(Table 1). Patients in both groups were predominantly male and the average 

age was 55 years. Co-medication was comparable between the groups. At 

baseline, the mean refill adherence (calculated by dividing the number of days 

for which oral antidiabetics were dispensed during the eleven months 
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preceding the intervention by the total number of days and multiplied by 

100%) was 62% in both groups.  

 

 

Table 1: Characteristics of participants in the SMS group and control group 

at baseline
*
. 

 
 SMS group 

(n=56) 
Control group 

(n=48) 

Age (years), mean ± SD 54.9 ± 6.6 54.6 ± 6.9 
Male, n (%) 31 (55.4) 26 (54.2) 
   
Education level, n (%)   
Low 17 (30.4) 17 (35.4) 
Medium 18 (32.1) 10 (20.8) 
High 11 (19.6) 12 (25.0) 
Missing 10 (17.9)   9 (18.8) 
   
Ethnicity, n (%)   
Native Dutch 29 (51,8) 26 (54.2) 
Western immigrant   3 (5.4)   2 (4.2) 
Non-Western immigrant 15 (26.8) 12 (25.0) 
Missing   9 (16.1)   8 (16.7) 
   
Self-reported insulin use, n (%) 15 (26.8) 12 (25.0) 
   
Other self-reported co-medication, n (%)   
Lipid-lowering medication 29 (51.8) 16 (33.3) 
Antihypertensive medication 27 (48.2) 25 (52.1) 
Blood thinners 11 (19.6)   6 (12.5) 
Benzodiazepines   8 (14.3)   7 (14.6) 
Asthma medication   3 (5.4)   2 (4.2) 
Rheumatoid arthritis medication   5 (8.9)   2 (4.2) 
   
Medication regimen, n (%)   
One daily dose 11 (19.6) 12 (25.0) 
Two daily doses 25 (44.6) 27 (56.3) 
Three daily doses 20 (35.7)   9 (18.8) 
   

Baseline refill adherence (%), mean ± SD 61.5 ± 14.1 62.2 ± 12.8 
   
Length agreed time period (minutes), mean ± SD   

First time period 78 ± 38 70 ± 42 
Second time period (if two daily doses) 72 ± 27 68 ± 30 
Third time period (if three daily doses) 74 ± 27 67 ± 20 
 

* No significant differences were found between the groups. 
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Illustration of data registered with RTMM 

Figure 2 illustrates data on medication use registered with RTMM. Both 

graphs show data (time and date of medication dispenser opening) of a 

patient in the SMS group following a medication regimen of two daily doses. 

Data of patient A reveal a regular pattern of medication use. This patient took 

87% of all doses within the agreed time periods and needed 33 SMS reminders 

during the whole intervention period. Patient B took only 7% of all doses 

within the agreed time periods as can been seen from the irregular pattern of 

medication use. A total of 195 SMS reminders were sent to this patient. 

 

 

Figure 2: Two examples of data on medication intake data as registered with 

RTMM. The horizontal axis displays the days during the 

intervention, the vertical axis displays the 24 hours of each day. The 

dots represent the moment of medication dispenser opening, the 

horizontal dotted lines represent the agreed time periods. 
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Early discontinuation of the intervention  

In the SMS and control group, respectively 11 and 14 patients stopped using 

RTMM before the end of the six-month intervention period. Four patients in 

the SMS group indicated irregular working hours, poor mobile connection, no 

longer on oral therapy, or disinterest in using the dispenser as reasons for 

stopping. Seven stopped without giving a reason. Three patients in the control 

group gave a reason for discontinuation: inconvenience (two patients) and 

going abroad. However, 13 dropouts nearly completed the intervention (from 

five to nearly six months). No significant differences were found between 

patients who dropped out and patients who completed the intervention, 

though the baseline refill adherence tended to be lower for dropouts than for 

patients who completed the six months (58.2% and 63.2% respectively, p=.09).  

The mean number of days of patients’ participation in the intervention was 

comparable between the two groups: 163 days (SD=42.7) in the SMS group and 

165 (SD=36.9) in the control group. Periods of seven days or longer without 

opening of the medication dispenser were found in the data of seven patients 

in the SMS group and ten patients in the control group. These gaps ranged 

from nine to twelve days in the first group, and seven to forty-five days in the 

second group. 

 

Intervention effects: differences in adherence between the groups 

Table 2 shows adherence levels to oral antidiabetics of the two groups over 

the intervention period. The average number of days without dosing did not 

differ significantly between patients who received SMS reminders and patients 

who did not. Patients receiving SMS reminders took significantly more doses 

within the predefined standardized time windows, ranging from 50% of doses 

taken within a one-hour window up to 81% within a four-hour window. In the 

control group these percentages were 39% for a one-hour window up to 70% 

within a four-hour window. Patients who were reminded missed about 5% less 

doses than patients who were not reminded (p=.065). Adherence of patients 

who completed the whole six-month intervention period (45 and 34 patients 

in respectively the SMS and control group) was also studied. Similar 

significant differences in adherence with respect to timing were found 

between the two groups. Differences according to medication regimen were 

explored, but no significant differences were found. 
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Table 2: Adherence to oral antidiabetics (quality of execution) of patients in 

the SMS group and control group calculated over the length of the 

intervention period. 

 
 SMS 

group 
(n=56) 

Control 
group  
(n=48) 

p-value 
 

Days without dosing, mean n ± SD 11.9 ± 18.8 13.8 ± 14.5 .283 
    

Missed doses, mean % ± SD 14.5 ± 15.7 19.2 ± 16.0 .065 
    

Doses taken within agreed time period*, mean % ± SD 56.7 ± 23.8 43.2 ± 26.2 .003 
 Doses taken within standardized window, mean % ± SD   
1 hour 50.3 ± 22.8 38.7 ± 23.0 .006 
2 hours 71.4 ± 23.8 57.2 ± 23.4 .002 
3 hours 77.3 ± 21.6 65.3 ± 22.6 .004 
4 hours 80.5 ± 20.5 70.2 ± 21.6 .007 

 

Significant differences are indicated in bold. 
* The agreed time period varies from 15 minutes to 4.5 hours. 

 

 

Number of SMS reminders sent 

Patients received a SMS reminder when they had not opened their dispenser 

within the agreed time period. Of the 43.3% of doses not taken within this 

time period, 7.1% of doses was taken in the half hour before this period, 

indicating that patients did not forget their medication but were just too 

early. To avoid reminding patients who took their pill early, these 30 minutes 

were added to the agreed time period. Figure 3 presents a graphical 

representation of the number of SMS reminders. Patients received on average 

123.1 (SD=98.0; range: 1-403) SMS reminders and were reminded for 36.2% of 

all prescribed doses. Taking the prescribed regimen into account, it was found 

that patients who were prescribed one daily dose (n=11) were reminded most 

often. They received an average of 62.5 (SD=44.5; range: 1-127) reminders, 

indicating that they were reminded for 38.6% of all prescribed doses. Patients 

following a twice daily dose regimen (n=25) and patients who were prescribed 

three daily doses (n=20) were reminded for 37.3% and 33.7% of prescribed 

doses respectively, receiving an average of 116.9 (SD=98.6; range: 8-335) and 

164.1 (SD=102.7; range: 46-403) reminders. Not surprisingly, patients receiving 

few SMS reminders revealed higher adherence levels on all measures 

described in Table 2, whereas patients receiving many SMS reminders had 



Effect SMS reminders on timing of medication intake 115 

much lower adherence levels. 

 

 

Figure 3: Boxplot of the number of SMS reminders sent to patients in the SMS 

group (n=56). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Impact of the SMS reminder 

The number of doses patients took within a short period of time after they 

received the SMS reminder can be seen as a direct result of the reminder and 

gives an indication of the impact of the reminder on patients’ medication 

intake behaviour. Of the forgotten doses for which patients received 

reminders (on average 123 doses), about 28.3 (26.9%) doses were taken within 

15 minutes after the SMS was sent. Patients took an additional 7.6% of doses 

in the 15 minutes hereafter, adding up to a total of 37.0 (34.5%) forgotten 

doses taken within a half hour after the SMS. Within an hour after the 

reminder, a total of 48.6 (46.2%) doses for which patients were reminded were 

taken, indicating that patients took an additional 11.7% of doses between 30 to 

60 minutes after the SMS. Patients who were prescribed three daily doses 

tended to respond the quickest to the SMS reminders, with 30.1% of reminded 

doses taken within 15 minutes after the SMS. On the other hand, patients on a 

once daily dose regimen tended to have the slowest response. They took 

20.4% doses for which they were reminded within 15 minutes. 
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Patient experiences with RTMM and SMS reminders 

Respectively 36 (64%) and 34 (71%) patients in the SMS and control group 

completed the post-test questionnaire. In the SMS group, significant 

differences in percentage of doses taken within the agreed time period 

(p=.045) and within the standardized time windows (p=.03) were found 

between patients who responded and patients who did not: patients who 

completed the questionnaire had higher adherence levels than those who did 

not. No such differences were found in the control group. 

Significantly more patients in the SMS group than the control group reported 

higher awareness of their medication use (respectively 42.9% and 18.2%, 

p=.041). Patients in the SMS group also reported a more accurate intake of 

their medication (respectively 50.0% and 26.5%), although this difference was 

not significant (Table 3). Nine patients in the SMS group reported that their 

higher awareness was a direct result of the SMS reminders: seven patients 

challenged themselves to anticipate the reminder, two patients stated that 

being reminded made them more aware. The main reason for higher 

awareness reported by patients in the control group was the fact that their 

medication use was registered. 

The majority of patients in the SMS group had positive experiences with 

receiving SMS reminders (Table 3). About 75% of the patients indicated that 

the reminders supported them in their medication use. Moreover, eight out of 

ten patients reported that it was good to know that they would be 

remembered in case they forget their medication. However, 20% of the 

patients thought the SMS reminders were disturbing. 
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Table 3: Patients’ reported awareness of their medication intake and 

accuracy in taking their medication since use of RTMM. 

 

Patients’ own judgement 
SMS 

group 
Control 

group 
p-value 

Awareness of medication use, n (%) (n=35) (n=33) .041 
Higher 15 (42.9)   6 (18.2)  
Not higher nor lower  19 (54.3) 26 (78.8)  
Lower  1 (2.9)  1 (3.0)  
    
Accuracy in taking medication, n (%) (n=36) (n=34) .096 
Better 18 (50.0)   9 (26.5)  
Not better nor worse 15 (41.7) 22 (64.7)  
Worse   0 (-)   0 (-)  
No idea   3 (8.3)   3 (8.8)  
    
Patients’ experiences with SMS reminders    
(Totally) agree, n (%)  -# - 
It is good to know I am reminded if needed (n=35) 29 (82.9)   
SMS reminders support me in medication use (n=36) 27 (75.0)   
I do not react to the SMS reminders (n=33) 6 (18.2)   
SMS reminders are disturbing (n=34) 7 (20.6)   
SMS reminders are useful (n=35) 23 (65.7)   

 

# Patients in the control group received no SMS reminders. 

 

 

In the SMS group, we also studied whether the number of SMS reminders 

received by patients was associated with their experiences with the reminder 

system. Patients who completed the post-test questionnaire received on 

average less SMS reminders than patients who did not (respectively 110.5 

(SD=78.0) and 145.7 (SD=125.6) reminders), though this difference was not 

significant due to the large variation (p=.10). Furthermore, the number of SMS 

reminders did not differ significantly between patients who had positive 

experiences with the reminders (e.g. feeling supported by the reminders, 

appreciating it to be reminded if needed) and patients who did not. Patients 

who reported a higher awareness of their medication use as a result of using 

RTMM (n=15) received significantly more SMS reminders (M=142.5, SD=87.7) 

than patients who did not report so (M=84.7, SD=62.9) (p=.03). No significant 

differences were found in the average number of text messages sent between 

patients who reported a better accuracy in their medication use as a result of 

using RTMM (n=18) and patients who did not. 
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Discussion 
 

The Real Time Medication Monitoring system tested in this study registers 

patients’ medication use in real time, making it possible to intervene only 

when this is necessary: only if patients forget to take their medication, they 

receive a SMS to remind them. This study investigated the effect of RTMM 

with SMS reminders on the precision with which type 2 diabetes patients 

adhere to their prescribed oral medication. Our results show that RTMM with 

SMS reminders has positive effects on patients’ adherence to oral antidiabetic 

medication. Patients who received reminders for forgotten doses took their 

oral antidiabetics more regularly than patient who were not reminded. In 

addition, patients who were reminded tended to miss doses less frequently.  

The effect of mobile technology on health behaviour has been demonstrated 

in earlier research. The review of Fjeldsoe et al. showed that SMS-delivered 

interventions had positive short-term behavioural outcomes (25). Another 

review reported that cell phones and text messaging interventions for diabetes 

self-management care can improve diabetes health outcomes (26). In these 

studies, SMS was mainly used to facilitate information exchange between 

patients and health care providers in between clinic visits, e.g. for educational 

messages, transferring blood glucose levels, and reminders for follow-up visits 

to the clinic. Lately, SMS is increasingly being used to remind patients of their 

medication intake. Our findings are in line with the results from previous 

studies evaluating the effect of daily SMS reminders on adherence. Similar to 

our results, Strandbygaard et al. found mean adherence rates to asthma 

medication of 82% in the group of patients receiving daily SMS reminders and 

70% in the group receiving no reminders (15). Miloh et al. showed that text 

messages increased adherence to immunosuppressant medication in liver 

transplant recipients measured by drug concentrations in the blood (19). 

Studies involving HIV patients revealed: 1) significantly higher adherence in 

patients who received daily cell phone reminders compared with patients 

being alerted by a beeper (16), 2) significantly more patients achieving an 

adherence of more than 95% in the group of patients receiving SMS reminders 

than in the group receiving no reminders (17), and 3) a significant increase in 

adherence resulting from weekly SMS reminders in contrast with daily or no 

reminders (18). Due to differences in method of adherence measurement, 

follow-up period, included patient numbers and patient population, the 
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dimension of reported improvements in adherence in these earlier studies are 

difficult to compare with our findings. Furthermore, these earlier studies all 

evaluated SMS reminders sent regardless whether the patient had taken the 

medication or not. Automated daily reminders may cause habituation 

resulting in loss of effectiveness. This was confirmed by Pop-Eleches et al. who 

demonstrated that weekly reminders significantly increased adherence in 

patients with HIV, whereas daily reminders did not (18). The RTMM system 

aims at avoiding habituation, by reminding patients only when they need to 

be reminded. Although Strandbygaard et al. found similar adherence rates 

with daily reminders, habituation to these automated alerts may not have yet 

occurred as their follow-up period was only 12 weeks. We followed patients for 

a longer period of six months. We did not include a group of patients who 

received automated daily SMS reminders in our intervention. Therefore, we 

cannot compare the effects of reminders sent daily directly with reminders 

sent only when needed.  

 

On average, more than one third of doses for which patients received a 

reminder was taken within 30 minutes after the SMS, suggesting that these 

intakes are a direct result of the SMS reminder and indicating the impact of 

the SMS reminder on patients’ behaviour. The number of SMS reminders sent 

and the impact of the reminder varied between patients. Figure 2 illustrated 

these differences. Obviously, not all patients benefit from the reminder 

system. Our limited patient numbers prevented us from performing subgroup 

analyses to identify which patients benefit most (or least) from RTMM 

combined with SMS reminders. Further research with a larger sample is 

needed to explore these differences between patients. It should also be noted 

that RTMM with SMS reminders can especially provide a solution for patients 

who are unintentionally non-adherent, i.e. patients who forget their pills or 

are inaccurate in their timing (10). Patients who deliberately miss or alter their 

doses (intentionally non-adherence), for example because of side effects, are 

not likely to benefit from an intervention based on reminding. Although our 

inclusion criteria were aimed at including unintentionally non-adherent 

patients, our sample may include intentionally non-adherent patients for 

whom the intervention provided no solution. 
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Results from patient questionnaires suggest that RTMM with SMS reminders 

made patients more aware and more accurate in their medication use. The 

majority of patients had positive experiences with the SMS reminders; they 

considered the reminders as useful and a support in their medication use. 

These findings are in line with other studies that reported on the acceptability 

of electronic reminders (27,28). It should be noted that patients in the SMS 

group who completed the post-test questionnaire had higher adherence rates 

than patients who did not return the questionnaire. Patients with higher 

adherence may be more likely to hold a positive attitude to the system. 

Interestingly, patients receiving many reminders were not more likely to have 

negative experiences with the reminders than patients receiving few 

reminders. 

 

We collected no clinical data (i.e. blood glucose levels) in our study. RTMM 

aims to support patients in their medication use, by sending SMS reminders if 

they forget their medication. Our intervention aimed primarily on improving 

adherence. Therefore, the aim of our study was to evaluate the effect of the 

SMS reminders on the adherence of type 2 diabetes patients. Long-term 

treatment with oral antidiabetics is one of the factors that contribute to 

achieving glycaemic control (maintaining blood glucose levels to an normal 

range), which is the main health outcome for type 2 diabetes patients (3-5). 

Although adherence appears to be an intermediate outcome measure, several 

studies provided evidence of an association between adherence to oral 

antidiabetics and improved glycaemic control (5,29). Nevertheless, further 

research is recommended to investigate the impact of RTMM and SMS 

reminders on glycaemic control. 

 

A common critique of electronic monitoring is that it cannot be confirmed 

that the medication is actually taken or that no more or no less than the 

prescribed dose is taken. Only drug assays can confirm ingestion. However, 

studies comparing drug assays with medication intake behaviour measured 

through electronic dispensers confirmed the validity of electronic monitoring 

devices (29-31). Furthermore, electronic monitoring devices register detailed 

data on actual medication use and as such provide an objective and reliable 

measure of adherence (32). Most electronic monitoring devices give no direct 

access to data on patients’ medication use, making it impossible to react 
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directly to patients’ behaviour. RTMM is one of the first systems to provide 

this possibility. 

 

Limitations of the study 

A limitation of our study is the small sample size. As a result, our study has 

insufficient power to perform subgroup analysis. One explanation for the low 

response rate may be that we only included patients with suboptimal levels of 

adherence. These patients appear to be more difficult to include in adherence 

studies, possibly because of a lower interest in (good) medication use. 

However, one of the recommendations of a meta-review was to concentrate 

on patients with suboptimal levels of adherence (33). These patients can 

benefit most from interventions aimed at improving adherence. A second 

explanation may be the occurrence of a language barrier. All materials, e.g. 

the instructions on how to use the RTMM dispenser, the information about 

the study and the questionnaires, were written in Dutch. Some of the 

participating pharmacies were located in urban areas where many immigrants 

live. Non-Western immigrants were in principle an important target 

population in this study: the prevalence of diabetes is higher for non-Western 

immigrants than for the indigenous population (34) and non-Western 

immigrants have lower adherence rates (35). Making trial materials culturally 

sensitive, e.g. making patient information and questionnaires available in 

other languages, might have led to higher participation (36). Nonetheless, a 

quarter of the patients in our study are non-Western immigrants. A third 

explanation for the low response rate may be the influence of individual 

pharmacies on the recruitment of patients. We found large differences in 

response rate between pharmacies, which may be explained by differences in 

the amount of energy the pharmacy staff put into following up on patients for 

inclusion in the trial. Monetary incentives for both the pharmacy (for 

contacting patients) and the patient (for participation in the trial) might have 

improved the response rate (36). Finally, patients had to make an extra visit to 

the pharmacy to receive the RTMM dispenser and its corresponding user 

information. Preventing these extra visits by providing the dispenser and 

additional information when the patient had to visit the pharmacy anyway to 

refill their medication, might have led to higher participation. Despite the low 

response rate, the baseline characteristics of patients were comparable 

between the two groups. 
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Another limitation of the study may be that we have not included an arm in 

the RCT in which patients used RTMM and received daily SMS reminders 

regardless of whether they had already taken their medication. This would 

have provided information on the difference in effect between automated 

daily SMS reminders and our customized SMS reminders. However, this 

would mean recruiting more pharmacies to include more patients, lowering 

the feasibility of the study. 

 

Further implications 

This study focused on the precision with which patients adhere to their 

prescribed regimen, observed from the detailed data as registered by RTMM. 

Since an electronic monitoring itself can already contribute to a higher 

adherence (22), in our future study we will investigate differences in refill 

adherence to oral antidiabetics between patients who use RTMM with and 

without SMS reminders and patients who do not use the RTMM system at all.  

The real time registration of patients’ medication use may also provide 

opportunities for health care providers to support patients in their medication 

use. For example, the general practitioner, pharmacist or diabetes nurse can 

intervene when they observe directly from the detailed data on medication 

use that a patient is not taking his/her medication. These data give them an 

opportunity to start the conversation about adherence with the patient at that 

moment that a patient experiences difficulties in adhering to the prescribed 

treatment. 

 

Conclusion 

Type 2 diabetes patients who use Real Time Medication Monitoring (RTMM) 

and receive SMS reminders if they forget to take their medication have higher 

adherence levels with respect to timing than patients who are only monitored 

with RTMM. Overall, patients’ experiences with the RTMM system are 

positive. Since other patient groups have difficulties in following prescribed 

therapy as well, the RTMM system may provide opportunities for increasing 

adherence to medication for other chronic diseases. 
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Abstract 
 

Purpose Considerable variability in adherence over time exists. The aim of 

this study was to investigate to what extent deviations from the prescribed 

regimen in type 2 diabetes patients can be explained by characteristics of the 

individual medication intake moments and the patient.  

 

Methods Medication intake of 104 non-adherent type 2 diabetes patients 

from 37 community pharmacies was electronically monitored for six months. 

Main outcome measures: 1) whether or not the intake occurred, and 2) 

whether or not the intake occurred within the time period patients agreed 

upon to take their medication (correct timing). Multilevel logistic regression 

analyses were performed to account for the nested structure of the data. 

 

Results Intakes in the evening, during weekends and holidays were more 

likely to be incorrectly timed and also more likely to be completely missed. 

Irrespective of timing, most intakes occurred in the mornings of Monday 

through Thursday (96%), least intakes on Saturday evening (82%). Correctly 

timed intakes most often occurred on Monday and Tuesday mornings (61%) 

in contrast to Sunday evenings (33%). Patients’ medication regimen was 

significantly associated with adherence.  

 

Conclusion For patients who already have difficulties in taking their oral 

antidiabetic medication, interruptions in daily routine negatively influence 

the intake of their medication. Professionals need to be aware of this variation 

in adherence within patients. As regular medication intake is important to 

maintain glycaemic control, professionals and patients should together try to 

find strategies to prevent deviations from the prescribed regimen at these 

problematic dosing times. 



Negative impact of interruptions in daily routine on adherence 129 

Introduction 
 

Patients’ adherence to medication is a dynamic behaviour that can change 

over time. Previous studies reported significant variability in adherence over 

time, both between and within patients (1-5). Most patients with type 2 

diabetes need regular intake of oral antidiabetic medication to maintain 

glycaemic control. Good glycaemic control reduces the incidence of diabetes-

related complications (6-8). However, many patients experience difficulties in 

regularly taking their medication. A study following diabetes patients for six 

months showed that the first daily dose, often taken in the morning, was 

mostly taken very regularly. For patients with more doses per day, it was 

shown that the second and especially the third dose were taken irregularly (9). 

The complexity of the medication regimen thus has an impact on adherence. 

Several studies involving patients with various chronic illnesses, including 

diabetes, have shown that the number of prescribed daily doses is associated 

with lower adherence (9-14).  

Individual adherence may vary due to interruptions in patients’ daily routine, 

for example during weekends and holidays. Furthermore, the day of the week 

and the moment of intake during the day may influence the regularity with 

which patients take their medication. Dosing times may interfere with 

patients’ work schedule or social life. Two studies, one involving patients on 

antihypertensive treatment and one involving HIV patients, showed that 

patients were more likely to miss weekend doses than weekday doses, and a 

morning dose was more likely to be taken correctly than an evening dose 

(15;16). A small seasonal impact was found in one of the studies as patients 

had more difficulties in following their medication regimen between April and 

September (16). These studies used logistic models to analyse patients’ daily 

dosing adherence, i.e. whether or not the prescribed number of doses was 

taken on a day, and included patients’ intake on the previous days to adjust 

for dependence. However, with multilevel modelling, clustering of intakes 

within patients can be taken into account in a more powerful and efficient 

way (17). In addition, it allows for including characteristics of the individual 

intake moment (i.e. the exact moment at which the patient takes the 

medication) and the patient in one analysis, to accurately estimate their 

association with adherence. And finally, both between and within patient 

variation can be examined simultaneously. 
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Therefore, the aim of this study was to investigate, with multilevel modelling, 

to what extent deviations from the prescribed regimen in type 2 diabetes 

patients can be explained by characteristics of the individual intake moment 

and the patient.  

 

 

Methods  
 

Design and participants 

In this observational study, the intake of oral antidiabetic medication of 104 

type 2 diabetes patients was monitored with Real Time Medication 

Monitoring (RTMM) for a period of six months. RTMM uses an electronic 

medication dispenser that registers date and time of each opening in real time 

at a central server, providing accurate and detailed information on patients’ 

medication use. The RTMM dispenser was fit for one type of medication, in 

this case the oral antidiabetic medication. Possible co-medication was not 

monitored. Data for this study were retrieved from a larger intervention study 

(18;19). Selection criteria for patient inclusion in this intervention study were: 

1) using oral antidiabetic medication for at least one year; 2) when combined 

with oral medication: using insulin for at least six months; 3) having a refill 

adherence of less than 80% (percentage of prescriptions filled at the 

pharmacy) in the year preceding the intervention; 4) age between 18 and 65 

years; 5) collected the last prescription for oral antidiabetics within two 

months prior to the intervention; 6) having knowledge of the Dutch language; 

7) using a mobile phone. Thus the intervention was aimed at patients who had 

difficulties in taking their medication. Eligible patients were selected from 37 

community pharmacies based on pharmacy data. Further details on the 

design can be found in the study protocol (18).  

The study protocol was approved by the Medical Ethics Committee of the 

Utrecht Academic Medical Centre and registered in the Primary Registry of 

the Netherlands (trial register number NTR1882). 

 

Outcome measures 

In agreement with their pharmacist, patients chose one, two or three daily 

time periods, according to their prescribed medication regimen, within which 

they would take their oral antidiabetic medication. For example, a patient 
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who is prescribed a two-daily dose regimen might choose to take the 

medication between 8:00 and 9:00 AM and 17:00 and 18:00 PM. Patients could 

decide themselves upon the length of the time period. A one hour period was 

most often chosen by patients, followed by a period between one and two 

hours.  

The two outcome variables were: 1) whether or not the medication intake 

occurred at all (taken or missed); and 2) whether or not the medication intake 

occurred within the agreed time period (correct or incorrect timing). 

 

Statistical analyses 

Data collected with electronic monitoring have a hierarchical structure. The 

medication intakes are clustered within patients, i.e. the intakes are not 

independent observations but are correlated within one patient. Patients are 

in their turn clustered within pharmacies. Multilevel analyses were performed 

to account for this clustering (17). Accordingly, the multilevel model consisted 

of three levels; the pharmacy, patient, and medication intake level. Because of 

the dichotomous nature of the two dependent variables, multilevel logistic 

regression models were used. Two models were estimated for both dependent 

variables: (i) a model with characteristics of the intake, and (ii) a model with 

both intake and patient characteristics. Variables included in the first model 

were the moment of intake (morning, afternoon or evening), the day of the 

week, and whether or not the intake was during a school holiday (defined 

according to the advised dates set by the Dutch government). Because the 

length of monitoring might have an effect on adherence, we included the 

number of elapsed days (from one up to 183) as a control variable. Variables 

added in the second model were age, gender, whether or not insulin was used 

in combination with oral antidiabetics, and the medication regimen (one, two 

or three doses a day). Due to limited patient numbers and missing values on 

other variables at patient level (educational level, ethnicity, work status, 

household composition, duration of diabetes and the presence of 

complications), the association between these variables and the outcome 

measures was first bivariate tested and were included in the model if a 

significant association (p<.05) was found. Our data were retrieved from an 

intervention study in which the intervention group received SMS reminders 

when they forgot to take their medication in time. ‘Whether or not receiving 

SMS reminders’ was included as a control variable, because we expected 
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patients receiving alerts to have a more regular adherence pattern. Variables 

were centred around their means for interpretation purposes.  

Due to the small numbers of included patients per pharmacy (one in twelve 

pharmacies up to nine in one pharmacy), we estimated between pharmacy 

variance, but included no variables at pharmacy level. The moment of intake 

was also included as random variable at patient level because patients could 

have one, two or three intake moments per day.  

For the fixed effects, odds ratios (OR) with 95% confidence intervals (CI) are 

presented. For the random effects, the variance with standard error (SE) and 

the intra-class correlation (ICC) are presented. The ICC at patient and 

pharmacy level is an indication of the correlation between medication intakes 

belonging to one patient and between patients belonging to one pharmacy, 

respectively. All analyses were performed with MLwiN 2.25 (20). 

 

 

Results 
 

More than half of the patients were male and the average age was 55 years 

(Table 1). Almost a third of patients had a non-Western ethnicity. About three 

in ten patients combined their oral antidiabetics with insulin. Nearly all 

patients used co-medication, of which cardiovascular medication was most 

common. On average, patients had been diagnosed with diabetes for 9.5 years. 

Half of the patients were prescribed two doses a day. 
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Table 1: Characteristics of patients at baseline
*
. 

 
 Total group 

(n=104) 

Age (years), mean (SD) 54.8 (6.7) 
Male 57 (54.8) 
  

Educational level
1
 (n=85)  

Low 34 (40.0) 
Medium 28 (32.9) 
High 23 (27.1) 
  
Ethnicity (n=87)  
Western population 60 (69.0) 
Non-Western population 27 (31.0) 
  
Work status (n=84)  
Self-employed, paid or volunteer work 48 (57.1) 
Unemployed (looking for job, disabled, housewife/-man, retired) 36 (42.9) 
  
Household composition (n=83)  
Living alone 12 (14.5) 
Living with partner, children or others 71 (85.5) 
  
Insulin use2 32 (30.8) 
Use of co-medication (excl. insulin)2 98 (94.2) 
   Cardiovascular co-medication 90 (86.5) 
  
Duration disease (years) (n=82), mean (SD) 9.5 (9.8) 
Complications of diabetes (n=84) 13 (15.5) 
  
Medication regimen  
Once daily 23 (22.1) 
Twice daily 52 (50.0) 
Three times daily 29 (27.9) 
  
Receiving SMS reminders 56 (53.8) 

 

*
 Values are numbers (%), unless indicated otherwise 

1  Classification: low=primary education, lower secondary education and lower vocational 
education; medium=intermediate secondary and intermediate vocational education; 
high=higher vocational education and university. 

2 Use of insulin or other co-medication was identified from pharmacy data 
 
 

In total, 36,199 medication intake moments were expected according to 

patients’ medication regimen during the six-month monitoring period. 

Intakes were more often scheduled by patients for the morning than for the 

afternoon and evening (Table 2). About two in ten intakes coincided with a 
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school holiday. As the majority of patients entered the study between October 

and December 2008, most intakes were scheduled during winter. 

 

 

Table 2: Characteristics of medication intakes that were expected in the six-

month monitoring period according to patients’ medication 

regimen
*
. 

 
 Expected intakes 

(n=36,199) 

Moment of intake  
Morning 16,757 (46.3) 
Afternoon 11,218 (31.0) 
Evening 8,224 (22.7) 
  
Day of the week  
Monday 5,148 (14.2) 
Tuesday 5,163 (14.3) 
Wednesday 5,171 (14.3) 
Thursday 5,179 (14.3) 
Friday 5.177 (14.3) 
Saturday 5,187 (14.3) 
Sunday 5,174 (14.3) 
  
During school holiday 7,114 (19.7) 
  
Seasons  
Winter 13,494 (37.3) 
Spring 9,000 (24.9) 
Summer 4,250 (11.7) 
Autumn 9,455 (26.1) 

 

* Values are numbers (%). 

 

 

Proportion of medication intakes occurring irrespective of timing 

On average, 96%, 88% and 85% of intakes in the morning, afternoon and 

evening, respectively, occurred irrespective of timing. The morning intake was 

least often missed, both during weekdays and the weekend (Figure 1). Most 

intakes occurred on the mornings of Monday through Thursday (96%), least 

occurred on Saturday evenings (82%). 
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Figure 1: The percentage of medication taken irrespective of timing by day of 

the week, categorised by moment of intake. Note: the vertical axis 

ranges from 50-100%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Proportion of correctly timed medication intakes 

The average percentages of intakes occurring within the agreed time period 

were 57%, 47% and 43% in the morning, afternoon and evening, respectively. 

Figure 2 shows that an intake scheduled for the morning and on a weekday 

was more often correctly timed than an intake scheduled for the afternoon or 

evening or during the weekend. The percentage of correctly timed intakes was 

lowest on Sunday evening (33%) and highest on Tuesday morning (61%). 
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Figure 2: The percentage of correctly timed medication intakes by day of the 

week, categorised by moment of intake. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variation in intakes occurring irrespective of timing  

Results of the multilevel analyses showed that the odds of an intake occurring 

in the morning was about 70% higher than one occurring in the afternoon or 

evening, and the odds of an intake occurring during weekdays was 20% to 

40% higher than on Sundays (Table 3, model 1). Furthermore, intakes during 

school holidays were more likely to be missed. Compared to the winter 

season, intakes during autumn were less likely to be missed. The afternoon 

intake varied most between patients. Bivariate analyses showed that 

educational level, ethnicity, work status, household composition, duration of 

diabetes, and complications were not associated with intakes occurring 

irrespective of timing or with intakes occurring within the agreed time period. 

Therefore, these variables were not included in model 2.  

The impact of the moment of intake, day of the week, school holidays and 

seasons remained significant after adding the remaining patient 

characteristics (Table 3, model 2). In addition, compared to older patients and 

patients using one or three doses a day, younger patients and patients on a 

twice daily dose regimen were more likely to miss their medication intake. 

The variance between patients as well as between pharmacies decreased 
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slightly after adding patient characteristics, indicating that these 

characteristics accounted for just a small amount of variation. 

 

Variation in correctly timed intakes  

The moment of intake, day of the week, and school holidays also had a 

significant impact on whether or not the intake was correctly timed (Table 3, 

model 1). Intakes in the evening, during the weekend and school holidays 

were less likely to occur within the agreed time period. No seasonal impact 

was found. Between patients variance was slightly larger for the afternoon 

intake compared to the morning and evening intake. Between pharmacy 

variance accounted for 13% of the total variance. The medication intake 

characteristics remained significantly associated with correct timing of intakes 

after adding patient characteristics (Table 3, model 2). Patients taking 

medication once a day were more likely to take their dose within the agreed 

time period than those taking two or three doses a day. Adding these 

characteristics to the model only slightly reduced the variance between 

patients in correct timing of the morning and afternoon intake, not the 

evening intake. 
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Discussion 
 

Interruptions in patients’ daily routine have a negative impact on their 

medication intake as our study showed that intakes during the weekend and 

during holidays were more often taken outside the agreed time period or even 

completely missed. A morning intake most often occurred, whereas an 

evening intake was most often incorrectly timed. More doses are missed by 

patients on a twice-daily regimen. These patients were, together with patients 

taking three doses a day, also more likely to take their medication outside the 

hours they agreed upon with their pharmacist. 

 

Our study confirmed the findings of previous studies examining the impact of 

the day of the week and moment of intake on adherence in other patient 

populations (15;16). By performing multilevel analyses, and as such taking into 

account clustering of intakes within patients, we were able to estimate these 

associations in a more powerful way. We found stronger effects of these 

characteristics on adherence in type 2 diabetes patients than the previous 

studies in other patient populations. In addition, we found a negative impact 

of school holidays on adherence, supporting the conclusion that interruptions 

in patients’ daily routine have a negative influence on adherence. This holiday 

effect might be the reason that we did not find an effect of summer on 

adherence, thereby contradicting the seasonal impact found by Vrijens et al. 

(16). It should be noted that the effect of school holidays might be stronger for 

patients with school-going children or for patients who work at schools. On 

the other hand, the effect of holidays might be underestimated for patients 

who go on vacation outside the official school holidays. Our finding that the 

evening intake was most often incorrectly timed was supported by results 

from a study that interviewed type 2 diabetes patients, as forgetting to take 

the medication with them when they ate out for dinner was highlighted as a 

reason for non-adherence (21). With respect to the medication regimen, our 

results partly conflict with those of the study by Paes et al. who showed that a 

once-daily dose regimen provided the highest levels of both taking and timing 

adherence compared to more doses a day (9). This was confirmed in our study 

for adherence with respect to timing. For intakes occurring irrespective of 

timing, however, we found that not three doses a day but two daily doses led 

to the highest proportion of missed intakes. In line with other studies, our 
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results showed that most socio-demographic characteristics were not 

associated with adherence (22;23). That increasing age was associated with 

higher adherence (irrespective of timing) was also found in a study among 

patients with rheumatoid arthritis, in which it was suggested that older 

patients made fewer adherence errors due to more routine in their day (24). 

 

Strengths and weaknesses 

With electronic monitoring (EM), each single intake and subsequently each 

single deviation from the prescribed regimen can be observed. EM provides 

the opportunity to include the exact intake moment into adherence analyses. 

Our study is, to our knowledge, the first to analyse EM data with multilevel 

models. As such, clustering of intakes within patients is taken into account, 

the influence of intake and patient characteristics on adherence is 

simultaneously explored and variation between and within patients is 

analysed. A common critique of EM is that it cannot be confirmed that a dose 

is actually taken and that no more or less than prescribed is taken. However, 

evidence for the validity of electronic monitoring devices is provided by 

studies showing that mismatches between medication events and actual 

dosing were too rare to create substantial differences between projected and 

actual drug concentrations in plasma (25-27).  

Our limited sample comprised a select group of type 2 diabetes patients. Data 

were retrieved from a larger randomised controlled trial. For this trial, we 

selected patients who had a refill adherence of less than 80% based on 

pharmacy data, thus patients who experienced problems in taking their 

medication. This may have led to an overestimation of the effects, as there is 

already a larger variation in medication intake in these patients than in 

adherent patients. Moreover, about half of the patients in this study received 

SMS reminders if they did not take their medication within the agreed time 

period. Our previous study showed that SMS reminders especially improved 

the regularity with which patients adhere to their prescribed regimen (19). 

This may have resulted in an underestimation of the effects. Our results are as 

such not generalizable to the whole type 2 diabetes population.  

With this study, we mainly aimed to provide insight into the patterns of 

medication intake of type 2 diabetes patients. We have not included data on 

blood glucose levels in our study. Therefore, we could not study whether 

deviations from the agreed time period were translated in less adequate 
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control of blood glucose levels. Patients are usually advised to take their oral 

antidiabetics with their meals, which may be consumed at other times than 

usual during weekends and holidays. However, during these periods 

medication is not only more often incorrectly timed, but also more often 

completely forgotten. Nevertheless, further research to investigate the clinical 

impact of these deviations is recommended. 

As expected in our study population, all but six patients used co-medication. 

This number of patients is too small to reliably study the influence of whether 

or not a patient used co-medication (other than insulin) on adherence and 

was therefore not included in the multilevel model. For future studies, it 

would be interesting to include the number of co-medication into the model, 

as an increasing number of co-medication has shown to decrease adherence 

(13).    

 

Clinical implications 

Regularity in medication intake is important in type 2 diabetes patients to 

obtain optimal blood glucose levels. However, our study suggests that 

irregularities are common. Physicians need to be aware of the fact that 

adherence of individual patients is unstable and is especially at stake when 

patients’ daily routine is interrupted. Physicians should discuss these 

problematic dosing times with patients and help patients to find ways to 

integrate the medication intake on those days. For example offering 

individualised recommendations via cues to help patients remember to take 

their medication have shown to improve adherence (28). 

 

Future research 

This study showed the possibilities of multilevel modelling for evaluating 

adherence behaviour from electronic monitoring data. We therefore 

recommend using this technique in future adherence studies. Furthermore, 

due to our limited sample size we have only explored between patient 

variance in moment of intake. Other intake characteristics or patient 

characteristics, e.g. social or psychological factors, may also contribute to 

differences between patients.  
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Conclusion 
For patients who already have difficulties in taking their oral antidiabetic 

medication, their medication intake appears to be negatively impacted when 

their daily routine is interrupted. During weekends and holidays patients 

more often take their medication outside the agreed time period or even 

completely miss their dose. These findings suggest that health care 

professionals need to discuss with patients how to prevent deviations from the 

prescribed regimen especially when their daily routine is broken. 
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Abstract 
Background Patients’ beliefs about medication have been associated with 

adherence, which was most often assessed with self-report. The aim of this 

study is to investigate whether medication beliefs are associated with three 

different measures of adherence: self-report, pharmacy refill records or 

electronic monitoring. In addition, the associations between these different 

measurements were investigated.  

Methods Data were collected from 83 type 2 diabetes patients who were 

selected to participate in  a reminder intervention study based on a refill 

adherence of less than 80% in the year preceding the study. At baseline, 

patients completed the Beliefs about Medicines Questionnaire (BMQ) and the 

Medication Adherence Report Scale (MARS). Prescription refill rates of the 

year preceding the intervention were obtained from pharmacy records. All 

patients were electronically monitored for six months; 45 patients additionally 

received SMS reminders when they forgot to take their medication. Electronic 

monitored adherence was measured as: 1) proportion of missed doses; 2) 

proportion of doses taken within the time period patients had chosen to take 

their medication. Pearson’s correlation analyses were performed to investigate 

associations between beliefs about medication and each of the adherence 

measures, as well as associations between the three measures. 

Results Patients had strong beliefs in the necessity and neither high nor low 

concerns about their medication. For the majority of patients (88%) necessity 

outweighed concerns. Medication beliefs showed no correlation with self-

reported or refill adherence assessed at baseline or with adherence measured 

with electronic monitoring during the intervention period, regardless of 

patients receiving reminders or not. Self-reported adherence was high (22.3 on 

a scale of 5-25), which was not correlated with the low refill adherence 

(average of 63%). Self-reported adherence was (weakly) correlated with the 

proportion of missed doses (r=-.23; p<.05) and doses taken within the agreed 

time period (r=.26 (p<.05). No correlation was found between baseline refill 

adherence and the electronic monitoring adherence measures. 

Conclusion Our study suggests that baseline beliefs about medication of type 

2 diabetes patients selected for an adherence-improving intervention have no 

mediating effect on their adherence. This  result is consistent for each of the 

three adherence measures. Using multiple adherence measures may lead to 

more robust findings. 
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Introduction 

 

Type 2 diabetes is a chronic illness affecting a growing number of people. 

Many patients are prescribed long-term therapy with oral antidiabetics to 

achieve and maintain glycemic control to prevent or delay complications 

associated with diabetes such as neuropathy, nephropathy, retinopathy and 

peripheral vascular disease (1-3). However, poor adherence rates prevent 

patients from receiving optimal benefit from their treatment. Adherence to 

oral antidiabetics ranges from 36% to 93% (4).  

In the search for underlying factors of non-adherence, patients’ beliefs about 

their medication have been found to be predictors of adherence. Greater 

concerns about potential adverse effects of the medication and a lower 

perceived necessity have been associated with poorer adherence levels in 

various chronic illnesses (5-13). Two studies investigating medication beliefs in 

type 2 diabetes patients showed that only concern beliefs were associated with 

adherence (14;15), whereas one study showed necessity beliefs to be correlated 

with adherence as well (16).  

Most of these studies have investigated this association with a single 

adherence measure, most frequently with self-reported adherence. Although 

self-reported adherence is a relatively easy and inexpensive method to 

measure adherence (17), there are mixed reports about the accuracy of self-

reported adherence (18). Patients who report non-adherence are generally 

correct, whereas patients who deny non-adherence may not be (19). 

Moreover, self-reported adherence often has a highly skewed distribution: the 

majority of patients generally report a high level of adherence. There are 

various methods to measure adherence, each with their advantages and 

disadvantages (see Box 2, Chapter 1). To maximize accuracy, assessment of 

adherence with multiple methods has been recommended (17). However, up 

to now, no study has investigated the association of medication beliefs with 

different measures of adherence.  

In our intervention study involving type 2 diabetes patients (see Chapter 3), 

three different methods to assess adherence were used: self-report, pharmacy 

records and electronic monitoring. The aim of this study is to investigate 

whether medication beliefs of type 2 diabetes patients are associated with 

either of the three adherence measures. In addition, the associations between 

the different adherence measures were investigated.  
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Methods 
 

Design and participants 

Data were collected from a subgroup of type 2 diabetes patients who 

participated in an intervention study. As part of this intervention, patients 

were electronically monitored for six months with Real Time Medication 

Monitoring (RTMM), a system with which patients’ medication intake 

behaviour was registered in real-time using a electronic medication dispenser. 

One group of patients (SMS group) additionally received SMS reminders if 

they forgot to take their medication, the other group (non-SMS group) was 

only monitored. Patients were selected from 37 pharmacies in the 

Netherlands. Inclusion criteria were: 1) using oral antidiabetic medication for 

at least one year; 2) if oral medication was combined with insulin: using 

insulin for at least six months; 3) having a refill adherence of less than 80%; 4) 

aged between 18 and 65 years; 5) having collected the last prescription for oral 

antidiabetic within two months prior to the intervention; 6) having 

knowledge of the Dutch language; 7) using a mobile phone. More details on 

the intervention study can be found in the trial protocol (20)(Chapter 3).  

 

Measurements  

Data for this study were collected with written questionnaires, prescription 

refill data collected from the patient’s pharmacy, and electronic monitoring. 

At enrollment, all patients were asked to complete a questionnaire which 

included questions about socio-demographics, beliefs about medicines and 

their adherence behaviour.  

 

Beliefs about medication at baseline 

Patients’ beliefs about their oral antidiabetic medication were measured with 

the Beliefs about Medicines Questionnaire (BMQ) (10;21). The BMQ comprises 

two scales with five items each, one assessing patients’ beliefs about the 

necessity of their medication for maintaining health now and in the future 

(e.g. “My life would be impossible without my medicines”) and one assessing 

patients’ concerns about potential adverse effects of taking the medication 

(e.g. “I sometimes worry about the long-term effects of my medicines”). Each 

item was rated on a five-point Likert scale, ranging from ‘strongly disagree’ to 

‘strongly agree’. The scores on the individual items for each scale were 
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summed, giving a scale score that ranged from 5-25 points. A high score on 

the necessity scale indicated strong beliefs in the need for diabetes 

medication, a high score on the concerns scale indicated high concerns about 

taking the medication. By subtracting the concerns score from the necessity 

score for each patient, the necessity-concerns differential was calculated, 

which ranged from -20 to 20 points. A positive score indicated that patients’ 

apprehension of the necessity outweighed their concerns. 

 

Prescription refill adherence at baseline 

Pharmacy data of patients were collected for each patient. Baseline refill 

adherence (over the year preceding the study) was calculated by dividing the 

total days’ supply of medication by the number of days of the study period 

(365 days) and multiplied by 100 to provide an overall adherence percentage. 

 

Self-reported adherence at baseline 

Patients were asked to complete the Medication Adherence Rating Scale 

(MARS)(10). This scale comprises five items, one assesses unintentional non-

adherent behaviour (“I forget to take my medicines”) and four assess 

intentional non-adherent behaviour (e.g. “I decide to omit a dose”, “I take less 

than prescribed”). Each item was rated on a five-point scale, from ‘always’ to 

‘never’. The scores on the individual items were summed, giving a total score 

ranging from 5-25. A higher score indicated a higher level of self-reported 

adherence. 

 

Electronic monitoring adherence during the intervention 

From the electronic monitoring data, two adherence measures were 

calculated:  

1. Proportion of missed doses (whether the appropriate number of doses 

was taken each day). For each day, the number of dispenser openings was 

subtracted from the number of prescribed daily doses, providing the 

number of missed doses per day. If more dispenser openings were 

registered than prescribed daily doses, the number of missed doses was 

set to zero. The proportion was calculated by dividing the total number of 

missed doses by the total number of prescribed doses during the 

monitoring period. 
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2. Proportion of doses taken within agreed time windows (the precision with 

which patients adhere to the prescribed regimen). Patients agreed upon a 

time period within which they would take their medication. The 

proportion was calculated by dividing the total number of dispenser 

openings within the time window by the total number of prescribed doses 

during the monitoring period. 

 

Statistical analyses 

Descriptive analyses were performed for the baseline characteristics, including 

the refill adherence rate, the scores on the BMQ-specific and MARS, as well as 

the electronic monitoring data collected during the intervention period. 

Students’ t-test, chi square test and Fisher’s exact test were used to examine 

differences in these characteristics between the groups. Patients were required 

to complete at least three of the five items on the BMQ subscales and MARS. 

Four patients had one missing item on the BMQ-necessity scale, three 

patients had one missing item on the concerns scale. Three patients missed 

one item on the MARS. These missings were imputed with the mean value of 

the total group on that item. Pearson’s correlation coefficients were calculated 

to assess associations between medication beliefs and the three different 

adherence measures. All analyses were performed using Stata 12 for Windows. 

 

 

Results 
 

Participants 

Of the 104 patients who were electronically monitored with RTMM, 87 

patients completed the questionnaire. Four patients completed none or less 

than half of the items of the BMQ, and were therefore excluded from the 

analyses. Baseline characteristics of the remaining 83 participants are shown 

in Table 1. More than half of the patients were male, the average age was 55 

years. Three out of ten patients had a non-Western ethnicity. The mean 

duration of diabetes was 9 years. No significant differences were found 

between the two groups. More patients in the SMS group tended to have 

complications associated with diabetes (p=.08). 
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Table 1: Baseline characteristics of patients who completed the 

questionnaire (n=83)
*
. 

 
 Total 

(n=83) 
SMS group 

(n=45) 
non-SMS 

group (n=38) 

Male 45 (54.2) 25 (55.6) 20 (52.6) 
Age, mean (SD) 54.7 (6.6) 54.5 (6.6) 54.9 (6.7) 
    
Ethnicity    
Western population 58 (69.9) 31 (68.9) 27 (71.1) 
Non-Western population 25 (30.1) 14 (31.1) 11 (29.0) 
    
Educational level1    
Low 33 (39.8) 17 (37.8) 16 (42.1) 
Intermediate 26 (31.3) 17 (37.8) 9 (23.7) 
High 23 (27.7) 11 (24.4) 12 (31.6) 
    
Mean duration diabetes in years (SD) 9.1 (8.7) 9.6 (8.8) 8.4 (8.7) 
Using insulin

2
 26 (31.3) 15 (33.3) 11 (29.0) 

Using co-medication (excl. insulin)
2
 77 (92.8) 43 (95.6) 34 (89.5) 

    
Complications diabetes1    
Yes 13 (15.7) 10 (22.2) 3 (7.9) 
No 67 (80.7) 33 (73.3) 34 (89.5) 

 

* Values are numbers (%) unless indicated otherwise 
1 Numbers do not add up to total due to missing values 
2 Use of insulin or other co-medication was identified from pharmacy refill data. 
 
 

Medication beliefs 

The two BMQ-Specific scales showed acceptable to good internal reliability 

(Cronbach’s α ≥ .76). With 90% of patients scoring above midpoint of the 

scale, the majority of patients held strong beliefs about the necessity of their 

medication (Table 2). Nevertheless, half of the patients was concerned about 

their medication (52% of patients had greater scores than scale midpoint). 

Patients in the SMS group had stronger beliefs in the necessity and more 

concerns than patients in the non-SMS group. However, the necessity-

concerns differential was comparable between the two groups. A positive 

value on this differential for 88% of patients indicated that for most patients 

their belief in the necessity outweighed their concerns. 
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Adherence measures 

Self-reported adherence assessed with MARS prior to the intervention study 

was high among the patients (Table 2). No differences were seen between the 

two groups. Scores on the separate items of the MARS (not in Table) showed 

that 40% of patients reported that they at least sometimes (score of 3 or 

lower) forget their medication, whereas less patients reported that they at 

least sometimes change their dose (16%), stop for a while (5%), skip a dose 

(12%) or take less than prescribed (17%). On the contrary, based on 

prescription refill data patients showed a much lower adherence level with an 

average of 63%. As was already shown in our previous study (22), the SMS 

group tended to miss significantly less doses (p=.06) and took significantly 

more doses within the agreed time period than patients who were only 

monitored (see Chapter 5). 
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Adherence grouped by beliefs scores 

Because of the skewed distribution of the scores, patients were grouped based 

on the median score for the BMQ scales and the differential for descriptive 

purposes. The average scores on the MARS, refill adherence rate and the two 

electronic monitoring adherence measures are shown for each of the beliefs 

groups in Table 3. The differences in adherence - regardless of the measure 

used - were small, indicating that the level of adherence is similar for patients 

who felt higher or lower needs or had more or less concerns.  

 

 

Table 3: Different measures of adherence in the total group (n=83) grouped 

by the median scores of the group on the BMQ at baseline
*
. 

 
 Baseline  Intervention period 

BMQ 
MARS 

mean score (SD) 
Refill adherence 

mean % (SD) 

 
Missed doses  
mean % (SD) 

Doses within 
time period 

mean % (SD) 

Necessity ≥ 19 (n=49) 22.1 (3.6) 64.1 (16.0)  15.7 (16.7) 54.3 (25.4) 
Necessity < 19 (n=34) 22.5 (2.1) 62.0 (16.3)  14.1 (12.9) 51.9 (24.5) 
      
Concerns ≥ 15 (n=43) 21.8 (3.6) 64.7 (17.6)  14.1 (15.1) 53.8 (25.1) 
Concerns < 15 (n=40) 22.7 (2.3) 61.6 (14.2)  16.0 (15.5) 52.9 (25.0) 
      
N-C differential ≥ 4 (n=48) 22.6 (3.0) 64.8 (15.8)  15.9 (16.7) 54.6 (25.6) 
N-C differential < 4 (n=35) 21.8 (3.2) 61.0 (16.3)  13.8 (13.0) 51.7 (24.3) 
 

* Higher scores indicate higher necessity, higher concerns 

 

 

Assocations between beliefs about medication and adherence measures 

The descriptive results were supported by the results from the Pearson’s 

correlation analyses. Patients’ beliefs about medication showed no correlation 

with self-reported adherence, refill adherence or the two electronic 

monitoring adherence measures (Table 4).  

Self-reported adherence was significantly correlated with proportion of 

missed doses (r=-.23; p<.05) and doses taken within the agreed time period 

(r=.26 (p<.05). Thus a higher self-reported adherence at baseline is correlated 

with less missed doses and more correctly timed doses, but these correlations 

were relatively weak. Refill adherence and self-reported adherence, which 

were both assessed at baseline, did not correlate. 
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Table 4: Pearson’s correlation coefficients between the BMQ subscales, 

MARS total score and refill adherence assessed at baseline and 

proportion of missed doses and doses taken within the agreed time 

period during the intervention period for the total group (n=83). 

 
 Necessity Concerns N-C 

differential 
MARS Refill 

adherence 
Missed 
doses 

Concerns .51***      
N-C Differential .35** -.63***     
MARS .00 -.12 .14    
Refill adherence .05 -.00 .05 .00   
Missed doses .01 -.12 .14 -.23* .02  
Doses in agreed time period .10 .04 .05 .26* -.06 -.66*** 
 

* p<.05; ** p<.01; *** p<.001 

 

 

As patients in the SMS and non-SMS group significantly differed both in the 

two electronic monitoring adherence measures (Chapter 5) and the BMQ 

subscales (Table 3), we studied the relationship between these concepts for 

both groups seperately (Table 5). Again, no correlation was found between 

medication beliefs and the proportion of missed doses or doses taken in the 

agreed time period in either of the groups.  

 

 

Table 5: Pearson’s correlation between the BMQ subscales and proportion of 

missed doses and doses taken within the agreed time period during 

the intervention period for the SMS and non-SMS group. 

 
 SMS group (n=45)  non-SMS group (n=38)  

Necessity Concerns  Necessity Concerns 

Missed doses .10 .12  .06 -.23 
Doses in agreed time period -.07 -.14  .14 .07 

 

* p<.05; ** p<.01; *** p<.001 
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Discussion 
 

This study is, to our knowledge, the first to investigate the relationship 

between patients’ medication beliefs at baseline with adherence measured in 

three different ways: self-report, prescription refill data and electronic 

monitoring. The results showed that the beliefs about medication in a group 

of type 2 diabetes patients selected to participate in an adherence-improving 

intervention are not associated with their adherence, regardless of which 

measure is used. Patients who received reminders when they forgot their 

medication showed higher adherence levels than patients who were not 

reminded (22)(Chapter 5). This study showed that for these patients who 

benefit from a reminder intervention, beliefs about medication appear to play 

no role in this effect on adherence. In addition, correlations between the three 

adherence measures were studied. On average, patients had a low baseline 

refill rate of 63% as a result of the specific selection of our patient population. 

Self-reported adherence assessed by the MARS showed high adherence. Scores 

on the MARS often show a highly skewed distribution. As such, this measure 

of adherence appears to give a better estimation of patients’ own expectations 

or wish to be adherent, than of their actual medication intake behaviour. This 

might explain the findings that the MARS baseline score is correlated with the 

two electronic monitoring adherence measures. Patients are willing to be 

adherent (and thus rate themselves as being more adherent on the MARS), 

but are not able to take the medication without support (which can be seen 

from the refill adherence rate), but do take their medication with the support 

of a reminder system (seen from the electronic monitoring adherence 

measures). 

 

Of the various adherence measurements, self-report, prescription refill rates 

and electronic monitoring are frequently used. Several studies have 

investigated agreement in these adherence measures. A recent meta-analysis 

indicated that self-report with questionnaires at least moderately correlates 

with electronic monitoring (23), whereas another review study showed that 

correlation between self-report and non-self-report measures varied widely 

(18). A third study found that agreement between refill and electronic 

adherence was highest, while agreement between refill and self-reported 

adherence and between self-reported and electronic adherence were weaker 



Beliefs about medication and adherence 159 

(24). These were population based studies. Our patient population existed of a 

specific selection of type 2 diabetes patients. Furthermore, we found no 

correlation between refill adherence and electronic measures. This might be 

explained by the fact that in our study refill adherence was assessed at 

baseline while electronic monitoring adherence was assessed during the 

intervention period. As such, these methods cover two different time spans. 

We also found no correlation between refill and self-reported adherence, both 

measured at baseline, which might be explained by the fact that refill 

adherence usually covers a year whereas self-reported adherence cover a short 

time period right before assessment (due to recall problems). 

 

Comparison with previous research 

Patients’ belief in the necessity of their oral antidiabetics was high and they 

had neither high nor low concerns. This was an expected finding since we 

aimed at selecting patients who had accepted and initiated treatment (those 

who were willing to take their medication), but had problems with 

implementing their prescribed regimen (those with a refill rate of less than 

80%). However, this selection apparently did not influence this finding: 

studies involving a general sample of type 2 diabetes patients found similar 

scores for the beliefs in the necessity and the concerns as in our study 

(9;14;15;25). In a study comparing mediation beliefs across medicines for co-

morbid type 2 diabetes patients, it was found that necessity beliefs were 

higher for oral antidiabetics than for antihypertensive or lipid-lowering 

medication, whereas the concerns were comparable (25). 

 

Our findings are not in line with most previous studies that found medication 

beliefs to be associated with adherence in various patient populations (5-13). 

In type 2 diabetes patients in specific, concerns were mostly associated with 

adherence (14;15), although necessity beliefs were found to be associated with 

adherence in one study (16). Our results might be explained by the select 

group of patients in our study. Most of the previous studies included a variety 

of patients, regardless of whether they were adherent or not and whether 

patients showed non-adherent behaviour because of forgetfulness or 

deliberately skipping or altering their doses. Beliefs about medication have 

been found to be more strongly associated with intentional non-adherence 

(26;27), as a determinant in the decision patients make to take their 
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medication or not. For our reminder intervention study, we selected patients 

who used oral antidiabetics for over a year and had a refill adherence of less 

than 80% prior to the study (thus those patients who showed to refill their 

medication but were having problems implementing their dosing 

regimen)(20)(Chapter 3). As such, we expected that the underlying reasons for 

patients in our study would be more related to unintentional non-adherence 

(patients forgetting to take their medication or being inaccurate with their 

timing)(28). Recent studies have shown that higher concerns were associated 

with forgetfulness and being careless with medication (29-31). In our study, 

however, we found no correlation between either necessity or concern beliefs 

and adherence.  

This might raise the question whether the BMQ assesses those medication 

beliefs that are important for (non-adherent) type 2 diabetes patients. Farmer 

et al studied beliefs about taking medication with the Medicines for Diabetes 

Questionnaire (MDQ)(32). In this questionnaire behavioural, control and 

normative beliefs were identified. Of these, two beliefs were correlated with 

self-reported adherence: ‘if I were to take my diabetes medicines regularly, 

this would led to my gaining weight’ (behavioural belief) and ‘changes to my 

daily routine would make it more difficult for me to take my diabetes 

medicine regularly’ (control belief). These beliefs slightly differ from those 

measured with the BMQ, which may suggest that for diabetes patients 

different perceptions play a role. A study involving women on endocrine 

therapy for breast cancer also found that medication beliefs as acknowledged 

by the BMQ were perceived as less importance than their own experiences 

with and perceptions of the therapy (33). Further investigation of medication 

beliefs in addition to those measured with BMQ may be useful. 

 

Strengths and limitations 

An important strength of this study is the measurement of adherence with 

three different methods. This optimises the accuracy of the adherence 

assessment, and enhances the robustness of our results.  

One limitation of this study is the small number of patients. This limited 

sample size forced us to use descriptive analyses. Furthermore, it should be 

noted that we had a specific group of non-adherent patients, who were 

selected based on their pharmacy refill rates (being less than 80%). As such, 

our results are not generalizable to the whole population of type 2 diabetes 
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patients. Moreover, patients in the SMS group differed significantly in their 

beliefs about their medication from patients in the non-SMS group, despite 

the same inclusion criteria. However, our separate analyses for both groups 

indicated that for neither of the groups the beliefs were associated with 

adherence, regardless of this difference in beliefs.  

 

Implications for clinical practice and research 

For patients who are selected (based on refill data) to participate in an 

adherence improving intervention, it might not be needed to address their 

beliefs about medication. However, due to our limited sample size, it is 

recommended to investigate whether this is also true for a larger patient 

population, and for patients with other chronic conditions than type 2 

diabetes. In addition, it is important to recognise that the measure used to 

assess adherence can influence the results. Using multiple methods would 

provide more robust results. Which measures should be used depend on the 

setting in which adherence is measured. 

 

Conclusion 

Our findings suggest that baseline beliefs about medication of type 2 diabetes 

patients selected for an adherence-improving intervention have no mediating 

effect on their adherence. This result is consistent for each of the three 

adherence measures.  
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Poor rates of medication adherence are recognised worldwide as a major 

healthcare problem. Numerous interventions have been developed, but most 

of them only showed small effects on adherence or clinical outcomes. With 

the introduction and rapidly increasing use of eHealth applications, new 

possibilities have emerged. Electronic reminding, i.e. automatically sent 

reminders without personal contact between patients and healthcare 

professionals, is one of these possibilities. An innovative approach that uses 

electronic reminding is Real Time Medication Monitoring (RTMM), a system 

that sends SMS reminders only when a patient misses a dose. The main focus 

of this thesis was to evaluate the effectiveness of this system in improving 

adherence to long-term medication treatment. Type 2 diabetes patients were 

involved in this study, because regular medication intake is important for 

these patients in particular. The study was conducted in a pharmacy setting. 

The data collected with RTMM provided insight into how well patients 

adhered to their prescribed regimen, as the exact intake moments were 

registered with the electronic dispenser. As such, variation not only between 

patients but also within patients (between individual intake moments) was 

investigated. Furthermore, the association between the beliefs patients have 

about their medication and their adherence as measured by multiple methods 

was examined. 

  

In this final chapter the main findings are summarised and discussed, the 

methodological considerations are described, and implications for clinical 

practice and recommendations for future research are presented. 

 

 

Main findings and discussion 
 

Effectiveness of electronic reminders 

Electronic reminders have increasingly been used in interventions aimed at 

improving adherence. To summarise the findings of these studies and 

synthesise evidence for the effectiveness of this type of reminding on patients’ 

adherence to long-term therapy, a systematic review of the literature was 

conducted (Chapter 2). In total, 13 randomised controlled trials were included, 

four of which evaluated SMS (text messaging) reminders, seven audio-visual 

reminders from electronic reminder devices and two reminder messages 



168 Chapter 8 

delivered to pagers. Evidence was found for the short-term effectiveness of 

electronic reminders, as significant improvements in adherence were found in 

all but two of the studies following patients for a period shorter than six 

months. SMS reminders in particular appear to be effective in improving 

adherence. Of the three studies that had followed patients for a period longer 

than six months, only one found significant effects on adherence as a result of 

SMS reminders. As such, the long-term effectiveness of electronic reminders 

remains unknown. It should be noted that the heterogeneity of the studies 

complicated generalisation of the results. Other review studies on the 

effectiveness of adherence interventions have highlighted this limitation as 

well (1,2).  

 

A new type of SMS reminding aimed at long-term adherence improvement 

Previous studies used reminders that were sent regardless of whether the 

patient had taken the medication or not. This could result in ‘reminder 

fatigue’ and a consequent loss of effectiveness when patients start ignoring the 

reminders (3,4). Real Time Medication Monitoring (RTMM) is a system that 

avoids sending electronic reminders to patients who have already taken their 

medication. This might be beneficial for improving adherence in the long run. 

To evaluate the short- and long-term effectiveness of this system, a 

randomised controlled trial (RCT) was designed with two intervention groups 

and one control group involving type 2 diabetes patients. In both intervention 

groups, patients used RTMM and had their medication use registered in real 

time for six months. Patients in the first group additionally received SMS 

reminders when they forgot their medication, whereas patients in the second 

group were only monitored. The control group comprised patients who were 

not exposed to the intervention and received usual care. The selection of 

patients for participation in the trial was based on pharmacy data. The three 

main inclusion criteria were: a prescription refill adherence of less than 80% 

(aiming at non-adherent patients), use of oral antidiabetics for at least a year 

(aiming at patients who had accepted and initiated their treatment), and age 

between 18 and 65. The pharmacy invited patients to participate in the study, 

instructed them on how to use the system and together they agreed upon a 

time period within which the patient would take the medication. A detailed 

description of the trial, which ultimately involved 161 type 2 diabetes patients 

from 40 pharmacies, was presented in Chapter 3. 
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Short-term and long-term effectiveness of RTMM with SMS reminders 

The effectiveness of the RTMM reminder system in improving adherence was 

investigated in Chapters 4 and 5. Comparison based on prescription refill rates 

(chapter 4) showed that RTMM combined with SMS reminders was effective 

both in the short-term (after one year) and the long run (after two years). At 

baseline, mean refill adherence was comparable between the three groups. 

After one year, including six months in which the reminders were sent, the 

mean refill adherence of patients who had been reminded was significantly 

higher than that of patients who had received care as usual. In addition, their 

adherence was significantly improved relative to their baseline level. After the 

second year, i.e. eighteen months after the intervention had ended, the 

improved adherence of patients who had received reminders persisted. It is 

important to note that these patients still only achieved an average refill 

adherence of 80% as a result of the intervention. Although a considerable 

increase in adherence was achieved (the average baseline refill adherence of 

these patients was 63%), there is still room for further improvement.  

  

The short-term effectiveness of automated SMS reminders on medication 

adherence has been demonstrated in several RCTs involving other patient 

populations (see our systematic review, Chapter 2). Results from a recent 

observational study were in line with our findings as higher adherence rates 

were found in patients using any type of oral medication, including oral 

antidiabetics, who received reminder text messages (5). However, these 

messages could contain other reminders than for the intake itself, for example 

reminders to refill the prescription. Contrary to our study, previous studies 

evaluated reminders that were sent regardless of whether the patients took 

the medication or not. One exception is a recent pilot study that found 

positive effects on elderly patients’ adherence to vitamin C who were 

reminded only when the vitamin was not taken within a certain timeframe 

(6).  

Very few studies have investigated the long-term effectiveness of SMS 

reminders, as was also shown in our systematic review (Chapter 2). Of the 

three trials in our review that studied long-term effects, one showed positive 

effects of sending SMS reminders to HIV patients for a period of 48 weeks: 

significantly more patients reached an adherence of at least 90% as a result of 
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weekly (but not daily) SMS reminders (7). One study that was excluded from 

our review because of its design (no RCT) revealed a higher adherence in 

paediatric liver transplant recipients as a result of receiving daily SMS 

reminders for a period of a year (8). These two studies intervened for a period 

of six months or longer, however, they lacked additional follow-up and thus 

provided no information about whether the effects persisted after the 

intervention had ended. Our study did include follow-up and showed that the 

adherence of patients after the reminders had stopped remained at the same 

level as right after the intervention, thereby demonstrating the long-term 

effectiveness of the RTMM reminder system.  

 

RTMM can also be used to monitor patients without reminding them. 

Previous studies involving hypertension patients have shown that patients’ 

awareness of being monitored can already contribute to higher adherence 

(9,10). This monitoring effect was also observed in our trial. After one year, 

refill adherence of patients who had used RTMM for six months without being 

reminded significantly improved compared to their baseline level. However, 

their improved adherence level did not significantly differ from that in the 

group of patients receiving usual care. Consistently with previous research 

(11), this monitoring effect appeared to be a short-term effect: after two years, 

adherence of patients who had only been monitored for six months was 

approaching the baseline level again.  

 

With prescription refill rates, used to investigate adherence differences 

between the two intervention groups and control group in Chapter 4, the 

timing of the medication intake cannot be studied. Data collected with 

electronic monitoring (such as RTMM) do enable this, as with this method 

the date and time of every intake is registered. The precision with which 

patients, who used the RTMM system either with or without reminders 

adhered to their prescribed regimen was investigated in Chapter 5. Our 

findings showed that the SMS reminders improved the regularity with which 

patients took their medication. Patients who were reminded took significantly 

more doses within the agreed time period than those who were not reminded. 

As the length of these time periods could differ between patients, the groups 

were also compared on doses taken within standardised time windows. This 

comparison showed similar results. Furthermore, more than one third of the 
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doses for which patients received a reminder were taken within half an hour 

after the SMS was sent. This suggests that these intakes occurred as a direct 

result of the reminder, further indicating its impact on patients’ intake 

behaviour.  

The electronic monitoring data also revealed that patients who received 

reminders tended to miss fewer doses than patients who did not (p=.07). 

These results correspond with our findings in Chapter 4. Because of the 

monitoring effect, refill adherence of patients who used RTMM without 

reminders also increased after one year.  

 

Patients’ experiences with RTMM 

Chapter 5 also described patients’ experiences with the RTMM system. 

Significantly more patients who received reminders reported a higher 

awareness of their medication use and a more accurate intake of their 

medication since they started using RTMM, as compared to patients who were 

only monitored. The willingness of patients to receive reminders for their 

medication intake is an important factor for the integration of a reminder 

system such as RTMM in patients’ everyday life. The majority of patients in 

our study perceived the reminders as useful and helpful in their medication 

use, suggesting that the RTMM reminder system was well accepted by 

patients and the reminders were appreciated. Our findings are consistent with 

other studies reporting positive experiences with electronic medication 

reminders among patients on antihypertensive treatment (12), patients using 

antidepressants (13), and HIV patients (14-16). However, it should be noted 

that patients who decided to participate might already be those who have a 

positive attitude towards a reminder system. 

 

Interruptions in patients’ daily routine negatively impact adherence  

Electronic monitoring data provide information about each medication 

intake. This enabled us to study the timing of the medication intake (Chapter 

5). In addition, it enabled us to investigate the variation in adherence at 

different levels, i.e. the variation at the level of the medication intake itself as 

well as at the patient level. To our knowledge, this has not been investigated 

before. Chapter 6 described the results of analyses performed on the 

electronic monitoring data of 104 patients using RTMM either with or without 

SMS reminders. Our findings demonstrate that variation in adherence can be 
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attributed in particular to intake characteristics. Time-related aspects, such as 

the day of the week and time of the day, play an important role in the extent 

to which type 2 diabetes patients adhere to their prescribed regimen. Intakes 

during evenings, weekends and holidays were more likely to be missed, and, 

when taken, were less likely to occur within the agreed time period. This 

suggests that interruptions in patients’ daily routine seem to have a negative 

impact on adherence. This is in line with a study by Farmer et al. revealing 

that the belief that ‘changes to daily routine would make it more difficult to 

take the medication regularly’ was associated with lower self-reported 

adherence in type 2 diabetes patients (17). Lower adherence to evening doses 

and weekend doses was also found in patients on antihypertensive treatment 

(18) and patients on antiretroviral therapy (19). It is important to note that our 

study population consisted of non-adherent patients who show a larger 

variation in medication intake than patients who are adherent.  

Patients’ socio-demographic and clinical characteristics seemed to play only a 

minor role. In line with other studies, an association was found between the 

number of daily doses and adherence to oral antidiabetic medication (20-22): 

the more doses a day, the less likely that these occur within the agreed time 

period. More complex dosing regimens have been associated with lower 

adherence in other chronic illnesses as well (23,24). 

 

Association between beliefs about medication and adherence measured with 

three different methods  

Numerous studies have tried to find an explanation for non-adherence, for 

example in the beliefs patients hold towards their prescribed medication. The 

results described in Chapter 7 showed that patients participating in our 

intervention study held strong beliefs in the necessity of their oral 

antidiabetics and had neither low nor high concerns about them. These 

findings correspond to two other studies showing similar results in a general 

sample of type 2 diabetes patients (25,26). Contrary to earlier studies revealing 

that higher concerns and lower perceived necessity were associated with 

poorer adherence (27-32), medication beliefs in our group of patients were not 

associated with the level of adherence. Whereas those studies often used a 

single method to assess adherence (usually self-report), we investigated this 

association using three measurement methods: self-report, prescription refill 

data and electronic monitoring. No association was found with any of the 
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measures. The various methods for measuring adherence each have their own 

limitations (see Box 2, Chapter 1). No single method can be seen as the gold 

standard. The lack of (strong) correlations between the different measures in 

our study also indicates that the choice for a specific adherence measure can 

influence the assessment. It is therefore recommended that multiple 

measurements should be used to limit inaccuracy in assessing adherence (33). 

 

 

Supporting patients’ self-management 
 

Our main findings suggest that the RTMM system, when combined with SMS 

reminders for missed doses, can be used to improve patients’ adherence. How 

can this system fit in patients’ chronic disease management? And what role 

can healthcare professionals play? 

 

With the growing burden of chronic diseases on the healthcare system and 

the shift from a passive to an active and involved role of patients in their 

health, day-to-day disease management has become the responsibility of the 

patient rather than the healthcare professional (34). Patients are required to 

manage several aspects of their disease themselves. For type 2 diabetes 

patients, self-management includes aspects such as maintaining a healthy 

lifestyle, adhering to their medication treatment, monitoring and managing 

symptoms, and managing the impact of the disease on daily life (35). Self-

management was found to be an important dimension in realising autonomy 

of type 2 diabetes patients (36). Several skills are required from patients, such 

as problem solving, decision making, resource utilisation, the formation of a 

patient–provider partnership, action planning and self-tailoring (using these 

self-management skills and applying them to oneself)(37). Self-management is 

therefore a complex task and it places a large burden on patients. This 

changed role of the patient - having a central role in the management of their 

chronic illness - has consequences for the role of the healthcare professional 

as well. They need to take on more of a coaching role, as they need to support 

and encourage patient self-management, including medication management 

(38). Medication management has long been considered to be only a 

responsibility of the patient. But nowadays, it is recognised as a responsibility 

of the whole healthcare system (see Figure 1).  
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The management of adherence is defined by Vrijens et al. as “the process of 

monitoring and supporting patients’ adherence to medication by healthcare 

systems, providers, patients and their social networks to achieve the best use 

of medications by patients” (39).  

 

 

Figure 1: Process of adherence to medication, by Vrijens et al. (39). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This model also suggests an important role for healthcare providers, in 

supporting patients in taking their medication. They can, for example, provide 

patients with tools that support them in their medication management. 

Moreover, in organising chronic disease management, healthcare payment 

systems are changing in such a way that promoting self-management is 

supported (40). Healthcare professionals are therefore increasingly expected 

to search for tools to offer their patients to encourage self-management. Our 

main findings suggest that the RTMM reminder system can be a helpful 

intervention for patients in managing their medication.  

 

It should be noted, however, that it is important to tailor interventions to the 

needs of patients. The RTMM reminder system is tailored to support patients 

who are forgetful or inaccurate with their timing. For other patients, a 

reminder system is not likely to achieve the desired result. Furthermore, the 
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system is aimed at supporting patients in implementing their prescribed 

regimen, or in other words, patients who have started their treatment but 

experience problems in following their dose regimen. For patients who never 

fill their initial prescription, or for patients who have stopped taking their 

medication completely, a reminder system such as RTMM will not result in 

the desired effect on adherence. Healthcare professionals need to take these 

considerations into account when they offer patients the RTMM reminder 

system. They should first ascertain patients’ reasons for being non-adherent 

before advising the RTMM system.  

 

 

Implementation of RTMM in daily practice 
 

The RTMM reminder system can provide healthcare professionals with a tool 

to support patients in their self-management. Once patients are set with the 

system, meaning that they have been given the instructions on how to use the 

system and time periods are agreed upon within which they will be taking the 

medication, the burden on the healthcare professional is low. This is 

encouraging, since a meta-review of adherence interventions showed that the 

most promising step in furthering patients’ adherence is to develop simple 

interventions that are workable and feasible in daily practice (41). 

Nevertheless, although the RTMM intervention appeared to be a simple one, 

the implementation in the pharmacy setting proved to be more difficult.  

The inclusion of patients was an obstacle. Despite numerous efforts, e.g. 

involving more pharmacies, the target sample size was not reached. Large 

differences were seen between pharmacies in terms of the number of patients 

recruited. Whereas some pharmacies included two thirds of the selected 

patients, other pharmacies did not succeed in including more than ten per 

cent of the patients. Reasons for these differences may be both pharmacy-

related and patient-related.  

First of all, differences in the amount of effort the pharmacy staff put into 

contacting patients for inclusion in the trial could be seen. Whereas some 

pharmacies immediately started approaching patients to invite them to 

participate, other pharmacies needed more encouragement from the research 

team to get started. Linked to this aspect, is the enthusiasm of the pharmacy 

staff for the intervention itself. This appeared to play an important role in 
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whether or not patients agreed to participate and were actually included in 

the study. Another aspect might have been that this intervention was only 

suited to a specific group of non-adherent patients who experience problems 

in implementing their regimen due to forgetfulness. Some pharmacies had 

relatively few patients who fitted this description, and these pharmacies might 

perhaps have felt that this intervention was on too small a scale. However, as 

some pharmacies also indicated that they had limited time in their busy daily 

activity schedules for contacting patients, this intervention could have been 

appealing because of the relatively small time investment it required of 

pharmacy staff.  

One of the patient-related issues was that it was not always possible to 

contact patients. Pharmacies indicated that they did not have telephone 

numbers for all patients. Furthermore, some patients for whom the number 

was available were difficult to reach. Another issue might have been a 

language barrier. All the patient information and other study materials were 

available in Dutch only. Because of a higher prevalence of diabetes and lower 

adherence rates among non-Western immigrants (42,43), these patients were 

in principle an important target population for our intervention. However, 

about a quarter of the included patients were of non-Western ethnicity, which 

is a considerable proportion of the study population. This suggests that the 

intervention did succeed in reaching the non-Western patient population. A 

third aspect may be that patients had to make an extra visit to the pharmacy 

to receive the RTMM dispenser and the user information that came with it. 

This might have been a burden for patients. Finally, not all patients might 

have been interested in participating in a study aimed at improving their 

adherence to medication. It is known that patients, who are willing to 

participate in research, are usually more engaged in their health and 

consequently more motivated (44).  

 

Setting 

In principal, at least in the Netherlands, the pharmacy appears to be a good 

setting for providing patients with the RTMM reminder system. Most Dutch 

patients obtain their prescription refills from the same pharmacy (45). With 

prescription refill data, the pharmacy has access to an objective measure for 

adherence in identifying patients who have problems in taking their 

medication (33). In addition, patients usually visit the pharmacy to refill their 
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prescription for oral antidiabetics at least once every three months. However, 

as discussed in the previous paragraph, the implementation of the 

intervention in pharmacy practice was not successful in all respects. One 

reason for this may be that disease management - including medication 

adherence - can be enhanced most by the effort of a healthcare team that 

comprises professionals from different disciplines, e.g. physicians, 

pharmacists and nurses (46). This would plead for a joint effort. 

 

Reimbursement 

One important issue concerning the implementation of RTMM in daily 

practice is the question of who should bear the expenses. At smaller scale, the 

cost per patient of implementing RTMM is relatively high. These costs could 

be reduced if the intervention was to be implemented more widely. 

A study investigating patients’ willingness to pay for and stay on a reminder 

service showed that they want to use the service, even for a fee, if they 

perceive the reminders as useful. Even a free reminder service would not be 

used if it is not perceived as beneficial (47). 

Health insurance companies and pharmaceutical companies both have an 

interest in good use of medication to reduce waste of resources and gain 

health benefits. They could take a responsibility in providing financial support 

for effective tools to support patients’ medication management. This has been 

implemented for patients with chronic myeloid leukaemia (CML) in the CML 

Compliance Alliance, which is a collaboration between the pharmaceutical 

company Bristol-Myers Squibb (the supplier of the medication) and Evalan 

(the supplier of RTMM)(48). This programme has been implemented in the 

Netherlands, Ireland and Greece, allowing CML patients to receive the RTMM 

reminder system free of charge. However, the reason BMS chose to support 

patients with CML in their medication use may be linked to the high costs 

incurred for this medication. For less expensive medication it might be less 

attractive to pharmaceutical companies. 

For patients with epilepsy, the RTMM reminder system (called DiMove) has 

been embedded in the care provided by Stichting Epilepsie Instellingen 

Nederland (SEIN), a Dutch specialty care facility for epilepsy patients (49). 

This was decided upon after a small-scale trial performed by SEIN with 

Evalan, Dutchbuttonworks and Windesheim University showing encouraging 

results for adherence and quality of life in 40 patients.  



178 Chapter 8 

How to remind patients 
 

Another aspect that is linked to the implementation of the intervention is how 

to remind patients. In our study, all patients received a standard text by SMS 

when they forgot their medication. However, there are various ways of 

reminding patients, e.g. in the content of the message, the channel through 

which the reminder is delivered and the frequency of the reminders.  

 

Content of the message 

Health communication research has shown that the relevance of the text for 

the individual to whom the text is addressed is one of the most important 

determinants in achieving the desired impact of the message (50). Tailoring 

messages aims to maximise the relevance of the information presented, and 

therefore a tailored message is usually more effective than an undifferentiated 

text (50-52). However, when the addressed population does not vary in terms 

of the key determinant (in our study the reason for being non-adherent) for 

the intended outcome, an individually tailored message is no better than a 

group targeted message (50). In our study, the standard text “Have you taken 

your medication yet? Please take your medication as prescribed by your 

healthcare provider.” was used to remind patients. This text was targeted at a 

specific group of patients who shared one characteristic, namely being 

forgetful about taking their medication. Further tailoring might not be needed 

for this group. A study involving HIV patients showed that a simple short 

reminder proved to be as effective as a reminder that additionally included 

words of encouragement (7). In addition, a qualitative study assessing HIV 

patients’ preferences for SMS reminders revealed that they preferred 

reminders to be simple and concise (14).  

For patients who are intentionally non-adherent, an individually tailored 

message is probably more appropriate, as patients may vary in their 

knowledge, beliefs and perceptions. This requires a baseline assessment of 

these concepts for each patient individually. Based on this information, 

individually tailored text messages can be composed. Petrie et al. showed an 

improved adherence to asthma preventer medication as a result of addressing 

specific beliefs about their medication or illness through text messages (53). 

Furthermore, a tailored text message support system based on their 

medication beliefs and medication-specific self-efficacy has recently been 
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developed for patients with irritable bowel disease (54).  

 

Channel of delivery 

Various channels can be used to deliver the reminder to patients, for example 

via telephone calls, e-mails and texting (Short Message Service (SMS)). Several 

studies showed that nurse-led interventions in which patients were reminded 

through a telephone call or a personalised SMS sent by the nurse showed 

positive results in improving adherence (55-57). However, these interventions 

require an extensive time investment by care providers. Electronic reminders 

require less effort from professionals and therefore they might be a relatively 

easy instrument for professionals for supporting patients in their self-

management. Our systematic review presented in Chapter 2 showed that 

electronic reminders, and SMS reminders in particular, can be effective in 

improving adherence. SMS allows near-instantaneous delivery of short text 

messages to individuals at any time, any place and setting in an unobtrusive 

manner (58). Because of the relatively low cost of SMS reminding, this may be 

more cost-effective than reminders via telephone or print-based 

interventions. One study showed that HIV patients preferred text messages 

over phone calls as reminders because they are easier, more confidential and 

more readily-available (14). Our study also showed that the SMS reminders 

were well-accepted by patients (Chapter 5). However, although 

communication via SMS has long been the most widely adopted and least 

expensive technological feature of mobile technology (59), new technologies 

and possibilities are emerging with the introduction of smartphones and their 

applications. One example is WhatsApp Messenger, a free instant messaging 

application for smartphones, which has been gaining ground. Furthermore, 

numerous healthcare applications for smartphones have already been 

developed, including applications for patients that focus on self-management 

of chronic diseases (60). Future reminder interventions may also consider 

these mobile technologies. 

 

Frequency of reminders 

The frequency with which reminders are sent is also important. As described 

earlier in this chapter and in the general introduction, overutilization of text 

messages can lead to loss of effectiveness as the messages may then be seen as 

“spam” and are deleted without being read. Therefore, in addition to the fact 

that the RTMM system only reminds patients when they forget to take their 
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medication, only a single reminder was sent for each missed dose. Other 

studies have used electronic reminders that were repeated until 

acknowledgement by the patient (61-64). However, none of these studies 

investigated patients’ acceptance of these repeated reminders. Furthermore, 

possible negative effects of these reminders such as user fatigue were not 

observed due to the short monitoring period.  

 

 

Methodological considerations  
 

Participants 

Our intervention was targeted at non-adherent patients as they are the ones 

who would benefit most from interventions designed to improve adherence. 

These patients were selected based on their refill adherence rate of less than 

80%. This cut-off point is often used to classify patients as adherent or non-

adherent. A recent study showed that 80% is a reasonable cut-off point when 

based on pharmacy refill data (65). Secondly, we included patients who had 

been using oral antidiabetics for at least a year, aiming to reach patients who 

had accepted and initiated their treatment, but were having problems 

implementing their dosing regimen. Despite our attempts to select those 

patients who would benefit most from an intervention such as RTMM, the 

intervention was not beneficial for all patients in our study population. The 

small sample size unfortunately meant that we were unable to perform 

subgroup analyses to identify the patients for whom the intervention was 

most or least beneficial. 

As stated before, the response rate was lower than anticipated. This might 

have been a result of the influence of individual pharmacies on the 

recruitment of patients, but it might have also been due to patient-related 

factors (see the paragraph on ‘Implementation of RTMM in daily practice’).  

There are several possibilities that might have increased the response rate. 

Monetary incentives for pharmacies might be one as pharmacies are generally 

paid for the medication dispensed and not for the extra efforts they put into 

patients, for example in patient education or adherence. Inviting patients to 

participate when they visit the pharmacy to refill their prescription instead of 

proactively approaching them might be less time-consuming for the pharmacy 

staff. Making the trial materials more culturally sensitive, e.g. making patient 



General discussion 181 

information and questionnaires available in other languages, might lead to 

higher participation (66). Moreover, to reduce the burden for patients, 

preventing the extra visit by providing the dispenser and additional 

information when the patient had to visit the pharmacy for their refill anyway 

might also increase participation (67). 

Despite the low response rate, the baseline characteristics of patients were 

comparable between the three groups. Furthermore, it was demonstrated in 

Chapter 4 that the characteristics of patients who were lost to follow-up did 

not significantly differ from patients who had a complete follow-up (two 

years). Moreover, effects on adherence were not different among patients who 

had complete follow-up compared to those who had minimal follow-up. This 

suggests that the group of patients lost to follow-up was not a select group. 

 

Older patients usually have more problems in remembering their medication. 

However, patients older than 65 were excluded from our study, leaving an 

important part of the type 2 diabetes population unaddressed by this 

intervention. This age criterion was set for two reasons. The first is that older 

diabetes patients often have comorbidity and use a large number of different 

medications often with complex regimens. Our intervention was only aimed 

at the oral antidiabetic medication. The second reason was a more practical 

one, as we expected more elderly patients not to be so accustomed to mobile 

phones if they even already had one. The effect of the intervention might be 

contaminated if adherence was not improved because patients were unable to 

receive/read the SMS reminder, instead of them not reacting to the reminder. 

Since the implementation of our intervention in 2008, an ever-increasing 

number of people are using mobile phones, and elderly patients will in the 

future be accustomed to mobile phones and SMS as they will have grown up 

with them.  

 

Design 

A randomised controlled trial (RCT) was conducted to investigate the 

effectiveness of RTMM. This design allows for comparison of an intervention 

with a group of controls, i.e. patients who were not exposed to the 

intervention and received care as usual. CONSORT guidelines were followed 

for high external validity. However, some limitations need to be addressed.  

The RCT did not have a fourth arm in which patients used RTMM and 
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received automated SMS reminders regardless of whether they had already 

taken the medication or not. Therefore, a direct comparison of the effect of 

automated reminders versus our customized reminders was not possible. 

However, to include more patients we would have had to recruit more 

pharmacies, which would have made the study less feasible.  

 

The main focus of the study was to evaluate the effects of the RTMM reminder 

system on patients’ adherence. Clinical outcomes (e.g. blood glucose levels) 

were not included as outcome measures in our study. Although adherence 

appears to be an intermediate outcome measure, several studies provided 

evidence of an association between adherence to oral antidiabetics and 

glycaemic control (68). Furthermore, clinical outcome assessment would not 

have been feasible with our limited sample size. 

 

Logically enough, patients were not blinded to the intervention. Patients in 

the SMS group knew they would receive SMS reminders if they forgot to take 

their medication. Patients in the non-SMS group knew their medication 

intake was being monitored. All patients were asked to complete two 

questionnaires (before and after the intervention) which included questions 

about their medication use. This might have increased patients’ awareness of 

their intake, even in the group receiving usual care, and thereby already 

increased their adherence. This is also known as the Hawthorne effect: 

participation in trials provide benefit for patients, no matter which group they 

are allocated to (69), although this effect is not always very clear (70). 

However, this should not have affected the assessment of the difference 

between the intervention and control groups.  

 
Measurement of adherence 

In this thesis we used three methods to measure adherence: pharmacy refill 

rates, electronic monitoring and self-report with a questionnaire. All these 

methods are indirect measurements (33)(see Chapter 1, Box 2). No single 

method can be considered as the gold standard, but electronic monitoring is 

often seen as the most reliable one. With electronic monitoring, the date and 

time is registered whenever the medication dispenser is opened. This means 

that it is possible to observe not only whether or not a patient takes a dose, 

but also the timing of the intake. A common criticism of electronic 

monitoring is that it cannot be confirmed that the medication is actually 
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taken or that exactly the prescribed dose is taken. However, studies 

comparing the sequence of medication events against projected and 

periodically measured concentrations of the drug in the plasma confirmed the 

validity of medication event monitors, given that mismatches between 

medication events and actual dosing were too rare to create substantial 

differences between projected and actual concentrations of the drug in the 

plasma (71-73). With electronic monitoring it is possible to study variation in 

adherence in more detail, disentangling the variation between patients from 

that within patients (at the level of the medication intake itself)(see Chapter 

6).  

For following patients over a longer period of time, electronic monitoring 

might be less feasible and more expensive. Prescription refill rates can then be 

used for measuring overall adherence. These rates are seen as an accurate 

method in a closed pharmacy system (33). In the Netherlands, most patients 

obtain their prescription refill from the same pharmacy (45). Refilling a 

prescription does not automatically imply that the medication is taken. 

However, several studies have shown an association between adherence as 

measured with pharmacy refill data and clinical outcomes (e.g. (74)) and a 

correlation between refill rates and electronic monitoring (e.g. (75)). Self-

report is a relatively simple and inexpensive method for measuring adherence 

(33). However, there are mixed reports about the accuracy of self-reported 

adherence (76). Patients who report non-adherence are generally correct, 

whereas patients who deny non-adherence may not be. A recent meta-analysis 

indicated that self-report with questionnaires is correlated at least moderately 

well with electronic monitoring (77). As every method has its limitations, it is 

recommended that methods should be combined, like we did in our studies, 

to maximize accuracy (33).  

 
 
Recommendations for further research 
 

Based on the findings of our studies, several recommendations can be given 

for future research. 

 

The RTMM reminder system is primarily aimed at supporting patients in their 

medication use. The main focus of our trial was therefore to investigate the 

effectiveness of RTMM with SMS reminders in improving patients’ medication 



184 Chapter 8 

adherence. No clinical outcomes were included in our study. Nevertheless, 

further research is recommended to investigate the clinical impact of the 

RTMM system. In addition to the clinical impact, the cost-effectiveness of the 

intervention is also an important aspect. Research has shown that for 

diabetes, higher adherence levels are associated with lower healthcare cost 

(78,79). Furthermore, technological developments such as the RTMM 

reminder system have potential for controlling rising healthcare costs, as they 

often require minimal time investment from healthcare professionals. It is 

therefore important to determine the cost-effectiveness of the RTMM 

reminder system. Determining the cost-effectiveness is one of the objectives 

in an on-going Dutch study involving children with asthma who use the 

RTMM system for their inhaler medication (the e-Matic study)(80).  

Another aspect is that of the added value of a reminder sent only for a missed 

dose, as compared to a reminder that is sent regardless of whether patients 

took their medication or not. Although the long-term effectiveness of the 

RTMM system suggests that reminders for missed doses are more effective in 

improving adherence than automated reminders, it is recommended that this 

aspect should be investigated further. Moreover, future studies need to 

identify the patients for whom RTMM was most and least beneficial. With this 

information, the intervention can be further targeted at the right patients.  

The RTMM dispenser used in our trial was designed to fit one type of 

medication, in our case oral antidiabetic medication. Diabetes patients often 

have comorbidities for which they take several medicines, but such co-

medication could not be studied in our study. A small study involving HIV 

patients who were taking different medicines showed that adherence to one 

antiretroviral drug predicted adherence to other antiretroviral drugs (81). This 

might indicate that improved adherence to oral antidiabetics might also lead 

to improved adherence to other medication. Nonetheless, further 

development of the RTMM system to support patients with multiple 

medicines is needed, as well as further research to investigate the effect of the 

RTMM reminder system on co-medication.  

Finally, the monitoring aspect of RTMM offers many more possibilities for 

enhancing patients’ adherence. One example might be using the overview of 

medication intake behaviour generated in real time by RTMM to provide 

adherence feedback to patients. The use of electronic monitoring (EM) data in 

giving patients feedback on their medication use has already shown positive 
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results on adherence and clinical outcomes in HIV patients (82,83), children 

with asthma (84), and patients with hypertension (85). In addition, one study 

demonstrated significantly improved adherence to metformin with so-called 

“cue-dose training”, meaning reviewing EM data with patients and advising 

them to link their medication intake to daily routines by using a “cue” 

(reminder) particularly for the problematic doses (86). These studies warrant 

more research into the possibilities of using these overviews which are 

immediately available and so can be used at any moment in the conversation 

between patient and care provider about medication use.  

Other possibilities of RTMM include linking the data registered with RTMM 

to electronic patient records. This gives pharmacists and physicians direct 

insight into the patient’s actual medication use, which may provide 

opportunities to intervene when they notice irregularities in medication use. 

In routine consultations, adherence can as such become a topic to discuss 

with patients. In addition, clinical outcomes such as blood glucose levels that 

are usually measured during these routine follow-up consultations can be 

directly related to the adherence level. RTMM may also be linked with other 

monitoring systems such as sensors, for example for measuring physical 

activity, and can provide feedback on whether a person has undertaken 

sufficient activity or not. Furthermore, monitoring can also be used to prevent 

negative health outcomes. One example is monitoring asthma patients’ 

medication use. The frequency of use of inhaled corticosteroid medication, 

which can be seen at the overview generated by RTMM, may allow an asthma 

attack to be predicted. Patients at risk of an asthma attack can be warned or 

seen by a physician before the attack happens. A hospital admission that may 

follow a serious asthma attack can be prevented. 

 
 
Implications for clinical practice 
 

Patients’ adherence is a dynamic behaviour. Although regularity in 

medication intake is important for type 2 diabetes patients in maintaining 

glycaemic control, irregularities are common (as was also shown in our 

studies). It is important for healthcare professionals to be aware of this 

unstable behaviour and to anticipate in preventing deviations from the 

prescribed regimen.  
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The RTMM reminder system appears to be an effective tool for supporting 

patients who are forgetful or inaccurate with their timing in their medication 

adherence. This tool can be provided by the healthcare professional. For 

patients with chronic diseases such as diabetes, multiple healthcare 

professionals are involved in supporting the patient in disease management. 

Each professional has their own knowledge and skills for doing so. In order for 

patients to receive the optimum support this team of professionals needs to 

work in close collaboration. For type 2 diabetes patients, the pharmacist, 

general practitioner (GP) and diabetes specialist nurse play important roles in 

disease management. Prescription refill data give pharmacists an objective 

measure for identifying non-adherent patients. They can select patients who 

keep refilling their medication but experience difficulties implementing their 

dosing regimen. The GP has (medical) knowledge of other medical conditions 

that the patient might have and usually has a long-term relationship with 

chronic patients. Type 2 diabetes patients are usually referred to the diabetes 

specialist nurse, who performs routine consultations in the GP practice. 

Whereas GPs often report lack of time as a reason for not discussing 

medication use during the consult (44), this might be an opportunity for the 

diabetes specialist nurse. To obtain the most efficient implementation of the 

RTMM reminder system, it is important that agreement is reached upon the 

roles that each of the healthcare professionals involved can take on. 

Close collaboration and tuning tasks in order to provide care as efficiently and 

effectively as possible are important, given that personnel shortages are 

expected in the care sector in the future. Currently, another electronic 

monitoring system is used in the home care setting that supports patients 

with complex medication regimes in taking their medication, which reduced 

the number of home visits that nurses have to make (87). RTMM can play a 

role in combating personnel shortages as well as in signalling intake problems. 
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Conclusion 

 

The studies presented in this thesis have demonstrated that electronic 

reminding appears to be an effective approach to improving patients’ 

medication adherence. Real Time Medication Monitoring, a system that 

combines real-time registration of patients’ medication use with sending SMS 

reminders (but only when patients miss a dose), is effective in improving type 

2 diabetes patients’ adherence to oral antidiabetics in both the short-term and 

the long run. This reminder system can provide support for patients who 

experience problems implementing the prescribed medication regimen due to 

forgetfulness or inaccuracy with their timing. It provides healthcare 

professionals with an effective tool to provide support for patients’ medication 

management and thereby it can strengthen their self-management. 

Nonetheless, further research is needed to investigate how this intervention 

can best be implemented and to examine to what extent the numerous other 

opportunities that RTMM provide may further enhance patients’ adherence.  
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Introduction 

Many patients experience difficulties in adhering to their prescribed 

treatment. Poor rates of adherence are recognised worldwide as a major 

healthcare problem as they have been associated with poorer health outcomes 

as well as higher healthcare costs. Numerous interventions aimed at 

improving adherence have been developed, but even the most effective ones 

had only modest effects. This might result from interventions not being 

tailored to patients’ needs. Patients can have different reasons for not 

adhering to their treatment. These reasons can be grouped into two types of 

non-adherence: unintentional non-adherence, referring to non-planned 

behaviour such as forgetting to take the medication, and intentional non-

adherence, referring to an active decision of the patient not to take the 

medication. Furthermore, there are three different phases in which non-

adherence can occur. First is the initiation of the treatment: patients might 

delay the start or not start at all. Second is the implementation of the 

regimen: patients might experience difficulties in both timing and taking the 

medication. The third is discontinuation of the treatment: patients might 

decide to stop taking their medication without consulting their healthcare 

professional. It has become clear that tailoring interventions to these patients’ 

needs is most promising. The introductory chapter of this thesis (Chapter 1) 

further elaborates on these issues. It also describes the opportunities for 

technological developments in improving adherence.  

 

Innovative technologies for improving medication adherence  

One technological development is electronic reminders, i.e. medication 

reminders automatically sent to patients without any personal contact 

between patient and healthcare provider. Such reminders are increasingly 

being used in interventions aimed at improving adherence. An innovative 

approach that uses electronic reminding is Real Time Medication Monitoring 

(RTMM). RTMM uses an electronic medication dispenser with which patients’ 

medication intake (the date and time of the dispenser opening) is registered 

in real time at a central server. Because of this real time registration a missed 

dose can be identified as it happens. This unique feature of RTMM provides 

the opportunity to send an SMS reminder only if patients miss a dose.  

For type 2 diabetes patients, regular medication intake is important in keeping 

the blood glucose level in a range close to normal, thereby attaining glycaemic 
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control. Nevertheless, patients’ adherence to oral antidiabetics is low.  

The main aim of this thesis was to evaluate the effectiveness of Real Time 

Medication Monitoring combined with SMS reminding on adherence to oral 

medication in type 2 diabetes patients who have suboptimal adherence levels.  

 

Effectiveness of electronic reminders 

Chapter 2 presents a systematic literature review in which the findings of 

studies evaluating electronic reminders were summarised and evidence for 

the effectiveness of this type of reminding on patients’ adherence to long-term 

therapy was synthesised. A comprehensive search was conducted in PubMed, 

Embase, PsycINFO, CINAHL and Cochrane Central Register of Controlled 

Trials and supplemented by manual searching of reference lists of relevant 

articles. A total of 13 randomised controlled trials met the inclusion criteria. 

Four studies evaluated the effect of SMS reminders on adherence, seven 

evaluated audiovisual reminders (a sound and/or light signal emitted) by 

electronic reminder devices and two evaluated reminder messages delivered 

to pagers. Best evidence synthesis revealed evidence for the short-term 

effectiveness of electronic reminders as significant improvements in 

adherence were found in eight (four with a high methodological quality, four 

with low quality) out of ten studies following patients for a period shorter 

than six months. Particularly SMS reminders appeared to be effective in 

improving adherence. Only three studies had followed patients for a period 

longer than six months. Of these three, one study using SMS reminders found 

significant effects on adherence. However, none of these studies had a follow-

up after the reminding had stopped, thereby leaving long-term effects of 

electronic reminders unknown.  

 

All studies included in the review evaluated reminders that were sent 

regardless of whether the patient had already taken the medication or not. 

This might lead to ‘reminder fatigue’ which can eventually lead to loss of 

effectiveness. With RTMM, patients are only reminded when they actually 

miss a dose. No reminder is sent when the medication is taken in time. This 

might be beneficial for the long-term effectiveness of RTMM on adherence. 

 

Design of a randomised controlled trial to evaluate RTMM 

Chapter 3 presents a detailed description of the design of the randomised 
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controlled trial (RCT) that was conducted to evaluate the effectiveness of 

RTMM in improving adherence. The RCT with pre- and post-test involved two 

intervention groups and one control group. Patients were randomly assigned 

to one of the three groups. In both intervention groups, patients used RTMM 

and had their medication use registered for six months. Patients in the first 

group (the SMS group) additionally received SMS reminders when they forgot 

their medication, while patients in the second group (the non-SMS group) 

were only monitored. The control group received usual care. Selection of 

patients was based on pharmacy data. Patients were included if they met all of 

the following inclusion criteria: 1) using oral antidiabetic medication for at 

least one year; 2) if insulin is used in combination with oral medication: using 

insulin for at least six months; 3) having a refill adherence of less than 80% 

(percentage of prescriptions filled at the pharmacy); 4) age between 18 and 65; 

5) collected the last prescription for oral antidiabetics within two months 

prior to the intervention; 6) having knowledge of the Dutch language; 7) using 

a mobile phone. The patient’s pharmacy invited the patient to participate in 

the study. During the intake at the pharmacy, patients were instructed on 

how to use the system and together with the pharmacist they agreed upon 

one, two or three time periods (according to their prescribed medication 

regimen) within which they would take the medication. 

 

A total of 161 type 2 diabetes patients with suboptimal adherence levels from 

40 pharmacies throughout the Netherlands participated in the trial: 56 

patients in the SMS group, 48 in the non-SMS group, 57 in the control group. 

 

Short-term and long-term effectiveness of RTMM 

Chapters 4 and 5 investigated the effectiveness of the RTMM system in 

improving adherence. Comparison based on prescription refill rates (Chapter 

4) showed that the RTMM system improved adherence both in the short term 

(12 months) and the long run (24 months). Mean refill adherence was 

comparable between the three groups at baseline. After 12 months (including 

six months of reminding), adherence of patients who had received reminders 

was significantly higher than that of patients who received usual care (79.5% 

versus 64.5%). In addition, their adherence was significantly higher than at 

baseline (+16.3%). Patients who had only been monitored with RTMM for six 

months reached a refill adherence of 73.1% after 12 months, but this 
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percentage did not significantly differ from that of patients receiving usual 

care. After 24 months (18 months after the reminding had stopped), the 

improved adherence of patients who had received reminders persisted and 

remained significantly higher than that of patients who received usual care 

(80.4% versus 68.4%). On the contrary, adherence of patients who had only 

been monitored was approaching baseline adherence level again.  

 

Effect of SMS reminders on the regularity of intake 

The timing of the intake, i.e. the precision with which patients adhere to their 

prescribed regimen, was investigated in Chapter 5. By comparing the 

medication intake registered with RTMM of patients in the SMS group with 

patients in the non-SMS group, the effect of the SMS reminders on the timing 

of the intake could be investigated. Patients who were reminded took 

significantly more doses within the agreed time window than patients who 

were not reminded. Over one third of the doses for which patients received a 

reminder was taken within a half hour after the SMS was sent, indicating the 

impact of the reminder. The percentage of missed doses did not significantly 

differ between the two groups, albeit patients who received reminders tended 

to miss fewer doses than patients who were only monitored. It could be 

concluded that the SMS reminders improved the regularity with which 

patients took their medication.  

 

Patients’ experiences with RTMM 

Chapter 5 also describes patients’ experiences with the system which were 

assessed with a written questionnaire at the end of the intervention period. A 

total of 70 patients (34 in the SMS group and 36 in the non-SMS group) 

completed the questionnaire. Patients who were reminded reported higher 

awareness of their medication use and more accurate intake of their 

medication since they started using RTMM than patients who were only 

monitored. Patients in the SMS group were also asked about their experiences 

with the SMS reminders. The majority of patients perceived the reminders as 

useful and as a support in their medication use. These results suggest that 

RTMM was well accepted by the majority of patients and that the SMS 

reminders were appreciated. 
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Interruptions in daily routine impact adherence 

Chapter 6 describes the results of multilevel analyses (MLA) of the electronic 

monitoring data of 104 patients using RTMM (either with or without 

reminders) aiming to identify which characteristics are associated with 

variation in adherence. MLA allows for including characteristics of the 

individual intake moment and the patient in one analysis, thereby accurately 

estimating their association with adherence. In addition, both between and 

within patient variation can be examined simultaneously. The findings 

indicate that time-related aspects, i.e. day of the week, moment of intake 

during the day and school holidays, have a significant impact on patients’ 

adherence. Intakes in the evening, during the weekend and holidays were less 

likely to occur within the agreed time period or even to occur at all. Patients’ 

socio-demographic and clinical characteristics seem to play a minor role. 

Regimen characteristics, i.e. whether patients followed a once, twice or three 

times daily dose regimen, was significantly associated with adherence. It could 

be concluded that interruptions in patients’ daily routine negatively impacts 

adherence, both the timing of the intake as well as whether the medication 

was taken at all. 

 

Beliefs about medication and adherence measured with three methods 

Chapter 7 investigated whether medication beliefs are associated with 

different measures of adherence: self-report, pharmacy refill records and 

electronic monitoring. In addition, the associations between these different 

adherence measurements were investigated. A total of 83 patients using the 

RTMM system (either with or without reminders) completed the Beliefs about 

Medication questionnaire (BMQ) and the Medication Adherence Rating Scale 

(MARS). The findings indicated that patients held strong beliefs in the 

necessity of their oral antidiabetic medication and had neither low nor high 

concerns about potential negative effects of the medication. No association 

was found between the beliefs and any of the three adherence measurements. 

In addition, the lack of (strong) correlations between the different adherence 

measures indicates the importance of using multiple adherence methods to 

maximise accuracy of the measurement. 
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General discussion 

Finally, Chapter 8 provides a discussion of the main findings in this thesis, as 

well as methodological considerations, recommendations for further research 

and clinical implications. 

Nowadays, adherence is recognised as a responsibility of the whole healthcare 

system, not only of the patient. It was discussed how the RTMM system can 

provide healthcare professionals with an effective tool to support patients’ 

medication management, thereby strengthening their self-management. The 

implementation of the RTMM system in daily busy practice, however, 

appeared to be challenging, despite the intervention placing a low burden on 

the healthcare professional. Inclusion of patients was an obstacle in which 

both pharmacy-related (e.g. the time and effort) as well as patient-related 

factors (e.g. unknown contact information and language barriers) played a 

role. The implementation of the RTMM system might be enhanced by the 

effort of a healthcare team comprised of different disciplines (e.g. physician, 

pharmacist, diabetes specialist nurse).  

 

Methodological considerations 

One strength of the RCT was the tailored approach. With our selection 

criteria, the intervention was aimed at patients who were non-adherent 

(having a refill adherence of less than 80%) and who used the medication for 

at least one year (having difficulties in the implementation phase). The 

intervention was thus tailored to those patients who could benefit most from 

an intervention such as RTMM. Since no method is the golden standard, the 

use of different methods to measure adherence and evaluate effects of the 

RTMM system, thereby maximising accuracy of the adherence assessment, is 

an important strength of our research as well. An important limitation of our 

study is the limited sample size, which prevented subgroup analyses to further 

unravel for which patients the RTMM system was most or least beneficial. 

Another limitation was the absence of a group of patients who used RTMM 

and received automated SMS reminders regardless of whether they had taken 

the medication or not. This would have allowed a direct comparison of the 

effect of our tailored reminders to that of automated reminders, to precisely 

examine the added value of sending reminders only when needed. 
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Clinical implications 

With the RTMM system, healthcare professionals have an effective tool to 

support patients who experience problems with adhering to their prescribed 

treatment due to forgetfulness or inaccuracy with their timing. Nevertheless, 

implementation of the RTMM system in daily practice was challenging. For 

patients with a chronic illness, such as diabetes, multiple healthcare 

professionals are involved in the disease management, of which medication 

management is one aspect. Close collaboration of these professionals and 

agreement upon the role each of them will take on might contribute to an 

efficient implementation of the RTMM system and of disease management in 

general. 

 

Recommendations for further research 

Several recommendations can be given based on the findings of the studies 

described in this thesis. Further research is needed to investigate the clinical 

impact of RTMM as well as its cost-effectiveness. Furthermore, with a larger 

patient sample it will be possible to study for which patients RTMM is most 

beneficial, thereby further tailoring the intervention to the right patients. In 

addition, RTMM offers numerous other possibilities to further enhance 

adherence, which should be investigated. Examples are using the overview of 

medication use in the patient-provider communication, linking RTMM data 

to electronic health records, and using RTMM data to decide when to 

intervene (for prevention).  

 

Conclusion 

Electronic reminding appears to be an effective approach in improving 

patients’ adherence to long-term therapy. Real Time Medication Monitoring, 

a system that combines real-time registration of patients’ medication use with 

sending SMS reminders only if patients miss a dose, was proven to be effective 

in improving type 2 diabetes patients’ adherence to oral antidiabetics in both 

the short term and the long run. This reminder system provides healthcare 

professionals with an effective tool to support patients with their medication 

management and as such, it can strengthen patients’ self-management. 

Nonetheless, further research is needed to investigate how this intervention 

can best be implemented and to examine to what extent the other 

opportunities that RTMM provides can further enhance patients’ adherence. 
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Introductie 

Veel patiënten ervaren problemen in het gebruik van hun geneesmiddelen. 

Wanneer patiënten het afgesproken medicatie regime niet volgen, profiteren 

zij niet optimaal van hun behandeling. Dit heeft niet alleen gevolgen voor hun 

gezondheid, maar leidt ook tot hogere kosten in de gezondheidszorg. 

Therapieontrouw wordt dan ook wereldwijd erkend als een groot probleem. 

In de afgelopen decennia zijn veel interventies ontwikkeld om de 

therapietrouw te verbeteren, maar ook de meest effectieve interventies 

hadden vaak slechts een bescheiden effect. Dit kan het gevolg zijn van het feit 

dat interventies vaak niet ‘op maat’ zijn, dat wil zeggen dat zij onvoldoende 

aangepast zijn aan de behoeften van de patiënt. Patiënten kunnen 

verschillende redenen hebben voor het niet (goed) gebruiken van hun 

geneesmiddelen. Vaak worden twee typen therapieontrouw onderscheiden: 1) 

niet-intentionele therapieontrouw, ofwel ongepland gedrag zoals het vergeten 

van de medicatie; en 2) intentionele therapieontrouw, waarbij de patiënt 

bewust de medicatie overslaat. Ook zijn er verschillende fasen in het 

geneesmiddelgebruik waarin patiënten problemen kunnen ondervinden. Zo 

kunnen zij moeilijkheden hebben bij het starten met de medicatie, waardoor 

zij de start uitstellen of zelfs nooit beginnen. Ook kunnen zij problemen 

ervaren bij het uitvoeren van het regime, bijvoorbeeld in de timing van de 

inname. Tot slot kunnen patiënten ook beslissen om helemaal te stoppen met 

de medicatie zonder dit met hun zorgverlener te bespreken. De verschillende 

typen en fasen maken duidelijk dat het belangrijk is om interventies op maat 

aan te bieden. In het introductie hoofdstuk van dit proefschrift (Hoofdstuk 1) 

worden deze kwesties in meer detail besproken.  

 

Innovatieve technologieën ter verbetering van de therapietrouw 

In de zoektocht naar mogelijkheden om de therapietrouw te verbeteren 

kunnen innovatieve technologieën een rol spelen. Een voorbeeld hiervan is de 

inzet van elektronische herinneringen. Dit zijn automatisch gestuurde 

berichten (bijvoorbeeld via SMS) of geluid/lichtsignalen om patiënten te 

herinneren aan hun medicatie zonder persoonlijk contact tussen de patiënt en 

de zorgverlener. Dergelijke herinneringen worden steeds vaker ingezet in 

interventies die zich richten op therapietrouwverbetering. Een innovatieve 

oplossing die gebruik maakt van elektronische herinneringen is Real Time 

Medication Monitoring (RTMM). RTMM gebruikt een elektronisch 
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medicijndoosje waarmee de medicatie-inname (datum en tijdstip van opening 

van het doosje) wordt geregistreerd in real time op een centrale server. 

Vanwege deze real time registratie kan een gemiste dosering direct worden 

geïdentificeerd. Dit unieke kenmerk van RTMM biedt de mogelijkheid om 

alleen te interveniëren wanneer dat daadwerkelijk nodig is: een SMS-

herinnering wordt alleen verstuurd als de patiënt de medicijndoos niet op tijd 

opent. RTMM kan ondersteuning bieden aan patiënten met een chronische 

ziekte die langdurig medicatie moeten gebruiken. Zo is voor type 2 

diabetespatiënten een regelmatige medicatie-inname belangrijk om de 

bloedglucosewaarde binnen de juiste marges te houden. Desondanks is de 

therapietrouw aan orale antidiabetica niet optimaal. Het hoofddoel van dit 

proefschrift was het evalueren van de effecten van Real Time Medication 

Monitoring met SMS-herinneringen op de therapietrouw aan orale medicatie 

van diabetes type 2 patiënten met een suboptimale therapietrouw.  

 

Effectiviteit van elektronische herinneringen 

Hoofdstuk 2 beschrijft een systematische literatuurstudie naar het effect van 

elektronische herinneringen op de therapietrouw aan chronische medicatie. 

Een uitgebreide zoekactie is uitgevoerd in PubMed, Embase, PsycINFO, 

CINAHL en de Cochrane Central Register of Controlled Trials. Daarnaast zijn 

literatuurlijsten van relevante artikelen doorgenomen voor relevante 

referenties die niet uit de zoekactie volgden. Dertien gerandomiseerde, 

gecontroleerde studies (RCTs) voldeden aan de inclusiecriteria. Vier studies 

onderzochten het effect van SMS-herinneringen op de therapietrouw, zeven 

keken naar audiovisuele herinneringen (een geluid- of lichtsignaal) en twee 

evalueerden herinneringen via piepers. Uit de resultaten kwam naar voren dat 

elektronische herinneringen op de korte termijn effectief lijken te zijn. Acht 

van de tien studies, die patiënten gedurende zes maanden of korter volgden, 

rapporteerden significante verbeteringen in de therapietrouw. Vier van deze 

acht studies hadden een hoge methodologische kwaliteit. Vooral SMS-

herinneringen lijken effectief op korte termijn. Er waren slechts drie studies 

die patiënten zes maanden of langer volgden; één hiervan vond een significant 

effect. Dit was een studie die gebruik maakte van SMS-herinneringen. Echter, 

geen van de studies volgden patiënten nadat de herinneringen gestopt waren. 

Daardoor zijn de lange termijn effecten van elektronische herinneringen op de 

therapietrouw nog onbekend.  
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Alle studies uit de review onderzochten elektronische herinneringen die 

werden gestuurd ongeacht of de patiënt de medicatie had ingenomen of niet. 

Dit kan leiden tot gewenning wat op termijn een verminderde effectiviteit tot 

gevolg kan hebben. Met RTMM worden patiënten alleen herinnerd als ze een 

dosering missen; er wordt geen SMS verstuurd als de medicatie op tijd wordt 

ingenomen. Dit kan gunstig zijn voor de effectiviteit van de herinneringen op 

de therapietrouw op lange termijn, omdat gewenning minder snel optreedt. 

 

Opzet van een RCT om de effecten van RTMM te evalueren 

Hoofdstuk 3 beschrijft het studieprotocol van het gerandomiseerde, 

gecontroleerde onderzoek (RCT) dat is uitgevoerd om de effecten van RTMM 

met SMS-herinneringen op de therapietrouw te onderzoeken. De RCT had 

een voor- en nameting met twee interventiegroepen en een controlegroep. 

Patiënten werden op basis van toeval toegewezen aan één van de drie 

groepen. In beide interventiegroepen gebruikten patiënten het RTMM-

systeem en werd hun medicatie-inname geregistreerd gedurende zes 

maanden. Patiënten in de eerste groep (de SMS-groep) kregen daarnaast SMS-

herinneringen als zij hun medicatie niet op tijd innamen. Patiënten in de 

tweede groep (de niet-SMS-groep) werden alleen gemonitord. De 

controlegroep kreeg reguliere zorg. De selectie van patiënten was gebaseerd 

op aflevergegevens van de apotheek. Patiënten werden geïncludeerd als zij 

voldeden aan de volgende criteria: 1) minstens één jaar gebruik van orale 

diabetesmedicatie; 2) als naast de orale medicatie ook insuline werd gebruikt: 

minstens 6 maanden gebruik van insuline; 3) minder dan 80% van hun 

recepten voor orale diabetesmedicatie opgehaald bij de apotheek in het jaar 

voorafgaand aan de interventie; 4) 18 tot 65 jaar; 5) het laatste recept 

opgehaald in de twee maanden voorafgaand aan de interventie; 6) kennis van 

de Nederlandse taal; en 7) gebruik van een mobiele telefoon. De apotheek 

nodigde de patiënt uit om deel te nemen aan de studie. Tijdens het 

intakegesprek in de apotheek werd het RTMM-systeem aan de patiënt 

uitgelegd. Ook koos de patiënt samen met de apotheker één, twee of drie 

tijdsperiodes (gelijk aan het aantal doseringen per dag) waarbinnen de patiënt 

de medicatie zou innemen.  

In totaal namen 161 patiënten met diabetes type 2 uit 40 apotheken verspreid 

over Nederland deel aan het onderzoek: 56 patiënten in de SMS-groep, 48 in 

de niet-SMS-groep en 57 in de controlegroep. 
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Korte en lange termijn effecten van RTMM 

In hoofdstuk 4 en 5 zijn de effecten van RTMM op de therapietrouw 

beschreven. In Hoofdstuk 4 is de therapietrouw, berekend op basis van 

afleverdata van de apotheek, van de twee interventiegroepen vergeleken met 

de controlegroep. De resultaten laten zien dat de inzet van RTMM met SMS-

herinneringen de therapietrouw zowel op korte termijn (12 maanden) als 

lange termijn (24 maanden) verbetert. In de voormeting was de therapietrouw 

in de drie groepen vergelijkbaar. Echter, na 12 maanden (waarvan zes 

maanden met SMS-herinneringen) was de therapietrouw van patiënten die 

herinnerd waren significant hoger dan die van patiënten die reguliere zorg 

kregen (79.5% versus 64.5%). Bovendien was de therapietrouw in de SMS-

groep na 12 maanden significant hoger dan in de voormeting (+16.3%). 

Patiënten die alleen gemonitord waren bereikten een therapietrouw van 73.1% 

na 12 maanden, maar dit percentage verschilde niet significant van dat van 

patiënten in de controlegroep. Na 24 maanden (18 maanden nadat de 

interventie was beëindigd) bleef de therapietrouw van patiënten die herinnerd 

waren op hetzelfde niveau en significant hoger dan dat van patiënten die 

reguliere zorg ontvingen (80.4% versus 68.4%). Dit in tegenstelling tot 

patiënten die alleen gemonitord waren: hun therapietrouw zakte na 24 

maanden weer terug naar het niveau van de voormeting.  

 

Effecten van SMS-herinneringen op de regelmaat van innemen 

De regelmaat waarmee patiënten hun medicatie innamen (de timing van de 

inname) is onderzocht in Hoofdstuk 5. In zowel de SMS als de niet-SMS-

groep werd de medicatie-inname van patiënten gedurende zes maanden 

geregistreerd met het RTMM-systeem. Door deze twee groepen met elkaar te 

vergelijken was het mogelijk het effect te bestuderen van de SMS-

herinneringen op de regelmaat waarmee patiënten hun medicatie innemen. 

Patiënten die herinnerd werden namen significant meer doseringen binnen de 

afgesproken tijdsperiode(s) dan patiënten die niet werden herinnerd. Meer 

dan een derde van de doseringen waarvoor patiënten een SMS kregen, werd 

binnen een half uur nadat de SMS verstuurd was ingenomen. Hoewel 

patiënten in de SMS-groep minder doseringen misten dan patiënten in de 

niet-SMS-groep, was dit verschil niet significant. Geconcludeerd kan worden 

dat SMS-herinneringen de regelmaat waarmee patiënten hun medicatie 

innemen verbeterd.  
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Ervaringen van patiënten met RTMM 

Hoofdstuk 5 beschrijft tevens de ervaringen die patiënten met RTMM 

hadden. Deze zijn geïnventariseerd met behulp van een vragenlijst die aan het 

einde van de interventie aan de patiënten werd voorgelegd. Zeventig 

patiënten (34 in de SMS en 36 in de niet-SMS-groep) vulden de vragenlijst in. 

Patiënten die herinneringen kregen rapporteerden vaker zich beter bewust 

zijn van hun geneesmiddelgebruik en hun medicatie beter in te nemen door 

het RTMM-systeem dan patiënten die geen SMS kregen. Aan patiënten in de 

SMS-groep is ook gevraagd wat hun ervaringen waren met de SMS-

herinneringen. Ongeveer driekwart gaf aan dat de SMS’jes hen helpen aan de 

medicatie te denken en een nog groter deel van de patiënten (83%) vindt het 

prettig te weten dat zij herinnerd worden indien ze hun medicatie vergeten in 

te nemen. Deze resultaten laten zien dat RTMM over het algemeen goed 

geaccepteerd werd en dat de SMS-herinneringen op prijs werden gesteld. 

 

Onderbrekingen in dagelijkse routine hebben invloed op therapietrouw 

De RTMM-data geven gedetailleerde informatie over elke medicatie-inname. 

Kenmerken van het innamemoment kunnen van invloed zijn op de variatie in 

therapietrouw. In Hoofdstuk 6 is onderzocht welke kenmerken van het 

innamemoment en van de patiënt bijdragen aan de variatie in therapietrouw. 

Om te corrigeren voor de geneste structuur van de data (de innamemomenten 

binnen één patiënt zijn gecorreleerd) zijn multilevel analyses (MLA) 

uitgevoerd. Daarnaast kunnen de kenmerken van zowel het innamemoment 

als van de patiënt met MLA in één analyse worden meegenomen en kan de 

variatie tussen patiënten en binnen patiënten tegelijkertijd onderzocht 

worden. MLA is uitgevoerd voor alle 104 patiënten die het RTMM-systeem 

gebruikten. De resultaten laten zien dat tijd-gerelateerde aspecten, zoals de 

dag van de week, het moment van inname op de dag en of het 

(school)vakantie is of niet, een significante impact op de therapietrouw 

hebben. Patiënten nemen hun medicatie minder vaak op tijd in als het een 

inname betreft in de avond, het weekend of gedurende vakanties. Ook werden 

die innames vaker compleet gemist. Sociaal-demografische en klinische 

kenmerken van de patiënt lijken een minder belangrijke rol te spelen. Het 

medicatie regime (of patiënten een eenmaal, tweemaal of driemaal daags 

regime volgden) hangt wel significant samen met therapietrouw. Deze 

resultaten suggereren dat onderbrekingen in de dagelijkse routine van 
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patiënten een negatieve invloed hebben op de therapietrouw, zowel op de 

timing van de inname als op het helemaal niet innemen van de medicatie. 

 

Ideeën van patiënten over hun geneesmiddelen en therapietrouw 

gemeten met drie verschillende methoden 

In Hoofdstuk 7 is onderzocht of de ideeën die patiënten hebben over hun 

geneesmiddelen samenhangen met drie verschillende therapietrouwmaten: 1) 

zelfgerapporteerde therapietrouw, 2) therapietrouw berekend op basis van 

aflevergegevens van de apotheek, 3) therapietrouw berekend op basis van 

elektronisch monitoring data (via RTMM). Ook is de correlatie tussen deze 

drie methoden onderzocht. De ideeën die patiënten hebben over hun 

geneesmiddelen zijn in kaart gebracht met de ‘Beliefs about Medication 

Questionnaire’ (BMQ). Zelfgerapporteerde therapietrouw is geïnventariseerd 

met de ‘Medication Adherence Rating Scale’ (MARS). Drieëntachtig patiënten 

die het RTMM-systeem gebruikten, vulden de BMQ en MARS in. Uit de 

resultaten bleek dat patiënten sterk de noodzaak van hun diabetesmedicatie 

inzien en dat zij zich noch veel noch weinig zorgen maakten over hun 

geneesmiddelen. Er is geen verband gevonden tussen de ideeën die patiënten 

hebben over hun geneesmiddelen en de drie therapietrouwmetingen. Ook 

bleek dat de verschillende therapietrouwmetingen slechts zwak of helemaal 

niet met elkaar correleerden. Dit gebrek aan (sterke) correlaties tussen de 

verschillende meetmethoden geeft het belang aan van het gebruik van 

meerdere methoden voor een nauwkeurige meting van therapietrouw. 

 

Algemene discussie 

In Hoofdstuk 8 worden de belangrijkste bevindingen in dit proefschrift 

bediscussieerd. Ook worden methodologische overwegingen beschreven, 

aanbevelingen gedaan voor verder onderzoek en implicaties gegeven voor de 

klinische praktijk.  

Therapietrouw is een niet alleen de verantwoordelijkheid van de patiënt, maar 

van het gehele gezondheidszorgsysteem. Het RTMM-systeem biedt 

zorgverleners een effectief hulpmiddel waarmee patiënten ondersteund 

kunnen worden in hun zelfmanagement, waarvan geneesmiddelengebruik een 

belangrijk aspect is. De implementatie van het RTMM-systeem in de 

dagelijkse praktijk bleek echter lastig, ondanks de relatief lage last die de 

interventie met zich meebrengt voor de zorgverlener. De inclusie van 
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patiënten in de studie bleek een obstakel. Hierbij leken zowel 

apotheekkenmerken (zoals tijd en moeite voor de apotheker) als 

patiëntkenmerken (zoals een taal barrière of de bereikbaarheid van patiënten) 

een rol te spelen. Mogelijk kan de implementatie van het RTMM-systeem 

bevorderd worden door het de verantwoordelijkheid te maken van het 

multidisciplinaire team van zorgverleners (zoals de (huis)arts, apotheker en 

diabetesverpleegkundige), die betrokken zijn bij de zorg voor 

diabetespatiënten.  

 

Methodologische overwegingen 

Een sterk punt van het onderzoek was dat de geëvalueerde interventie gericht 

was op die patiënten die het meest zouden kunnen profiteren van RTMM. 

Alleen therapieontrouwe patiënten (patiënten die minder dan 80% van hun 

diabetesmedicatie ophaalden bij de apotheek) werden geïncludeerd in het 

onderzoek. Daarnaast gebruikten deze patiënten minstens een jaar de 

diabetesmedicatie, dus zij ondervonden problemen bij het implementeren van 

het medicatie regime, bijvoorbeeld omdat zij de medicatie vergaten. Voor 

deze vorm en fase van therapieontrouw is RTMM het meest geschikt. Een 

ander sterk punt van het onderzoek was dat voor het evalueren van de 

effecten van RTMM op de therapietrouw gebruik gemaakt is van verschillende 

methoden om therapietrouw te meten. Geen van de therapietrouwmethoden 

kan beschouwd worden als de gouden standaard, dus een combinatie van 

verschillende methoden geeft een nauwkeurigere meting. Een beperking van 

onze studie is het kleine patiëntaantal. Hierdoor was het niet mogelijk om 

subgroepen van patiënten met elkaar te vergelijken om na te gaan welke 

patiënten het meest en welke het minst profiteren van RTMM. Een andere 

beperking is de afwezigheid van een groep patiënten die SMS-herinneringen 

ontvingen ongeacht of zij de medicatie al hadden ingenomen of niet. Dit had 

een directe vergelijking mogelijk gemaakt van de effecten van de ‘op maat’ 

gestuurde herinneringen met die van herinneringen die altijd verstuurd 

worden. De precieze toegevoegde waarde van het sturen van herinneringen 

alleen indien nodig kon hierdoor niet worden onderzocht. 

 

Implicaties voor de klinische praktijk 

Zorgverleners hebben met het RTMM-systeem een effectief hulpmiddel tot 

hun beschikking om patiënten, die problemen ondervinden in het gebruik van 
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hun geneesmiddelen als gevolg van vergeetachtigheid of onnauwkeurigheid in 

de timing van hun inname, te ondersteunen. Echter, de implementatie van 

het RTMM-systeem in de dagelijkse praktijk bleek lastig. Bij de zorg voor 

mensen met een chronische ziekte, zoals diabetes, zijn meerdere 

zorgverleners betrokken. Een goede samenwerking tussen deze zorgverleners 

en een goede afstemming over de rol die eenieder op zich neemt kan leiden 

tot een efficiëntere implementatie van het RTMM-systeem en van de zorg 

voor de diabetespatiënt in het algemeen. 

 

Aanbevelingen voor verder onderzoek 

Op basis van de resultaten van de studies beschreven in dit proefschrift 

kunnen een aantal aanbevelingen worden gegeven. Er is verder onderzoek 

nodig om de klinische impact van RTMM met SMS-herinneringen te 

onderzoeken evenals de kosteneffectiviteit van het systeem. Daarnaast zal het 

met een groter patiëntaantal mogelijk zijn om te onderzoeken welke 

patiënten het meest profiteren van RTMM, zodat de interventie verder 

toegespitst kan worden op de individuele patiënt. Tevens wordt aanbevolen 

om de vele andere mogelijkheden die RTMM biedt ter verbetering van de 

therapietrouw te onderzoeken. Voorbeelden hiervan zijn: het gebruik van de 

gedetailleerde medicatie-innameoverzichten die RTMM genereert in de 

communicatie tussen patiënt en zorgverlener, het linken van RTMM-data aan 

elektronische patiëntendossiers, en het gebruik van RTMM-data om te 

bepalen wanneer geïntervenieerd moet worden (ter preventie).  

 

Conclusie 

De inzet van elektronische herinneringen lijkt effectief voor het verbeteren 

van de therapietrouw aan chronische medicatie. Real Time Medication 

Monitoring, een systeem dat real-time registratie van de medicatie-inname 

van patiënten combineert met het sturen van SMS-herinneringen alleen als de 

patiënt de medicatie vergeet, verbetert de therapietrouw aan orale medicatie 

van diabetes type 2 patiënten, zowel op de korte als lange termijn. RTMM 

biedt zorgverleners een effectief hulpmiddel om patiënten te ondersteunen in 

hun geneesmiddelgebruik en zo hun zelfmanagement te versterken. 

Desalniettemin is verder onderzoek nodig om na te gaan hoe RTMM het beste 

geïmplementeerd kan worden en in hoeverre de overige mogelijkheden van 

RTMM de therapietrouw verder kunnen verbeteren. 
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indirect. Een aantal mensen wil ik graag in het bijzonder bedanken. 
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copromotor Liset van Dijk. Dinny en Marcel, ik ben blij dat jullie betrokken 

wilden zijn bij mijn promotietraject en mij zo het vertrouwen gaven dat ik het 

traject tot een goed einde zou brengen. Van jullie rijke ervaringen en expertise 

heb ik dankbaar gebruik gemaakt. Bedankt voor jullie begeleiding!  

Liset, ik heb heel veel aan jou te danken. Vanaf het moment dat ik als 

uurloner bij het NIVEL kwam werken, zag jij al een onderzoeker in mij – nog 

voordat ik dat zelf door had. Jij hebt mij de kans gegeven om te ontdekken 

hoe leuk het is om onderzoek te doen! Je hebt me altijd veel vertrouwen 

gegeven en me geprikkeld om mijn eigen ideeën te ontwikkelen en te volgen. 

Ik heb bijzonder veel van je geleerd. Door jou heb ik me kunnen ontwikkelen 

tot de onderzoeker die ik nu ben. Je deur stond ook altijd open, ongeacht hoe 

druk je het had. Je was bijzonder snel met reactie op mijn stukken en gaf me 

vaak net dat zetje weer in de goede richting als ik ergens op vast zat. 

Ontzettend bedankt voor je goede begeleiding, je oneindige vertrouwen en de 

bijzonder plezierige samenwerking. Ik hoop dat we die samenwerking nog 

lang kunnen voortzetten! 
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ook zeer dankbaar. In het bijzonder wil ik Eveline van der Poort van Apotheek 

Ommoord noemen: jouw enthousiasme voor het onderzoek werkte 

aanstekelijk bij patiënten, velen van hen zegden hun deelname toe. Bedankt! 

Het opzetten, uitvoeren en bewaken van de voortgang van de trial heb ik 

zeker niet alleen gedaan. Met veel plezier heb ik samengewerkt met Bas van 

Vlijmen en Jacqueline Santen-Reestman (beiden werkzaam bij Mediq destijds) 



216  

en Henk Schwietert (directeur van Evalan). Ik wil jullie bedanken voor jullie 

tomeloze inzet voor het project en de bijzonder prettige samenwerking. Ook 

toen de trial was afgerond bleven jullie erg geïnteresseerd in het verdere 
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tot de artikelen in dit proefschrift. Jolanda van Erp en Sharon van der Kuyp, 

jullie hebben beiden een mooie masterthesis geschreven, dank voor jullie 
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met wie ik de omslag heb gemaakt. Jasper, dankzij jouw haarscherpe foto en 
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supermooie omslag in elkaar geknutseld. Ik vond het erg leuk om met jou 

hieraan te werken. Heel erg bedankt! 
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de waardevolle, leerzame discussies over therapietrouw(onderzoek). Ik kijk er 

naar uit om in de toekomst veel leuke samenwerkingsverbanden op te zetten! 

In het bijzonder wil ik Annemiek en Hanneke bedanken: jullie steun in de 

laatste maanden heeft me erg goed gedaan. Annemiek, jij promoveert in juni 

en Hanneke, jij maakt je proefschrift dit jaar ook af, dat weet ik zeker!  

 

Graag wil ik ook mijn vrienden en vriendinnen bedanken. De Dames 2000 

avondjes, de lunches met de ‘Blokkermeiden’, de spelletjesavonden (en 

nachten) met de Informaticaatjes, bedankt voor alle gezelligheid en 

ontspanning in de afgelopen jaren, maar ook voor jullie interesse in mijn 

proefschrift. Laura en Boukje, jullie wil ik graag nog apart noemen. Wat zijn 

onze donderdagavondjes toch altijd gezellig! Ze konden de laatste tijd, ook 

omdat ik het zo druk had, niet altijd elke week plaatsvinden, maar daar 

hadden jullie altijd alle begrip voor. Het was heel fijn om mijn hart te kunnen 
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vervolgens lekker te kunnen ontspannen met een wijntje erbij. Laten we dat 
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het moment dat je bij mij op de kamer kwam, alweer zo’n 7 jaar geleden, 
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jullie hebben mij altijd onvoorwaardelijk gesteund in alles wat ik doe en ook 
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alles aan gedaan om het voor mij zo gemakkelijk mogelijk te maken. Dat was 

bijzonder fijn. Jouw woorden ‘alles komt goed’ waren voor mij magisch, en je 
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