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Abstract

Background:
Therapeutic nonadherence is defined as the lack of equivalence between the behavior of the patients and their 
prescribed medical treatment. Consequences of nonadherence include not only health outcomes, but also cost 
saving. Thus, this issue gets paramount importance in contemporary medicine.

Method:
The aim of this article is to discuss the relationships between technology and adherence by asking the following 
three questions. (1) How can technology be used to monitor patient adherence? (2) Considering the mechanisms 
of nonadherence in chronic diseases, is there room for technology in interventions aimed to improve patient 
adherence? (3) What about adherence to technology in diabetes care?

Results and Conclusion:
Technology may help improve adherence to long-term therapies by (1) giving a concrete representation of 
adherence rewards, (2) overcoming immediate obstacles to adherence, such as the fear of hypoglycemia, and  
(3) providing an opportunity for patient–doctor conversations. This assumes, however, that both the patient and 
the doctor are convinced that technologies are useful.
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ORIGINAL ARTICLES

Setting the Background:
Nonadherence to Long-Term Therapies

Nonadherence to therapy is classically defined as 
the lack of concordance between the patients’ behavior, e.g., 
taking medicines or following a diet, and the prescribed 
therapy.1 In diabetes care, this concerns not only 

medication, but also medical appointment attendance, 
changes in lifestyle (diet, exercise), the practice of self-
monitoring of blood glucose (SMBG), the real use of 
continuous glucose monitoring (CGM) systems, measuring 
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glycosylated hemoglobin A1c (HbA1c), having eye 
examinations as requested, and avoiding risk behaviors 
(smoking, alcohol, etc.). Nonadherence is a frequent 
phenomenon. For instance, a systematic review of the 
literature revealed that adherence to oral hypoglycemic 
agents for people with diabetes ranged from 36 to 93% 
only. Persistence, i.e., the proportion of patients who 
remained on treatment for 6–24 months, was also far 
from optimal: it ranged from 16 to 80%.2 Another review 
of the literature in diabetes care revealed that around 
two-thirds of patients were adherent to diet, but only 
25% of them were adherent to advice concerning exercise, 
and only 7 % of the patients were found to be adherent 
to all the recommendations.3

It is possible to demonstrate the deleterious effect of 
nonadherence on the efficiency of therapy. For instance, 
a study investigated the relationship between adherence 
to antihyperglycemic medication (sulfonylureas and 
metformin) and HbA1c in patients with diabetes. 
Medication adherence was assessed by determining the 
ratio of the total days supply of medication dispensed 
divided by the number of days of the evaluation period 
(medication possession ratio, MPR). HbA1c lower than 
7.0% was observed most often in patients with MPR ≥1, 
with an impressive correlation between MPR and mean 
HbA1c level (Figure 1).4 It is also possible to show that 
nonadherence to medication represents a mortality risk  
factor. For instance, in the Beta-Blocker Heart Attack 
Trial, the mortality at 1 year after a first myocardial 
infarction was higher in patients in the placebo group 
(3.0 %) than in the beta-blocker group (1.4%). However, 
these figures were obtained in patients taking more 
than 75% of the tablets (either the beta blocker or the 
placebo). In nonadherent patients, the mortality rate in 
the beta-blocker group (4.2%) was actually higher than in 

patients adherent to the placebo and was highest in the 
nonadherent patients of the placebo group (7.0%).5 This 
puzzling observation was confirmed in a meta-analysis 
of 21 clinical trials.6 It can be concluded that nonadherent 
patients not only did not take their medication but also had 
other behaviors harmful to them; in general, adherers are 
healthy, with adherence being seen as a whole.7

It is therefore not surprising that improving adherence 
represents a major objective of health policies. Thus, in a 
2003 report entitled “Adherence to Long Term Therapies, 
Evidence for Action” the World Health Organization 
(WHO) claimed 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 treatment,”8 a quotation from a 2001 
Cochrane review on interventions for helping patients 
to follow prescriptions for medications.9 However, 
attempts to improve adherence in chronic diseases have 
been disappointing so far: in a systematic review of 
83 adherence interventions reported in 70 randomized, 
controlled clinical trials, only 36 were associated with 
improvements in adherence and only 25 interventions 
led to improvement in at least one treatment outcome.10

The aim of this article is to investigate the potential of 
technology to assist these efforts in improving adherence 
to long-term therapies. This question is at first glance 
puzzling, as it is aimed to investigate the interaction 
between technology and psychology. This article 
considers the following issues. (1) How can technology 
be used to monitor patient adherence? (2) Considering 
the mechanisms of nonadherence in chronic diseases, 
is there room for technology in interventions aimed at 
improving patient adherence? (3) What about adherence 
to technology in diabetes care?

Figure 1. Adherence to oral antihyperglycemic medication and HbA1c.4 MPR is the ratio of the total days supply of medication dispensed divided  
by the number of days of the evaluation period.
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In the same vein, the memory of insulin pumps can be  
used to detect missed boluses, a frequent phenomenon 
that correlates with glycemic control.19–21 Bolus alarms 
may represent a solution to this problem.22 To the best 
of our knowledge, the memory capacity of novel smart 
pens23 has not yet been used to detect missed insulin 
injections, i.e., to provide a quantitative evaluation of 
adherence to an insulin regimen.

Mechanisms of Nonadherence in Chronic 
Diseases: Room for Technology?
Information and Memory
The information that a patient must remember in order to 
take just one pill is actually complex and is made up 
of seven properties: the name of the drug, for which 
disease it is used, how to take it, the number of daily 
intakes, when to take it (before, during, or after a meal), 
dosage, and duration of the treatment. Actually, a study 
has shown that patients were unable, for a single drug, to 
remember more than 50% of the information given orally 
during a visit.24 This rate could obviously be even lower 
for a more complex regimen (polypharmacy), which is 
prescribed frequently in diabetes patients. This failure of 
memory may explain in part why the complexity of the 
therapeutic regimen has a major impact on therapeutic 
adherence, which represents a strong argument to favor 
combination medications in diseases such as diabetes 
care and hypertension.25,26

Taking medicine typically represents a condition where 
prospective memory is involved.27 According to Judi Ellis, 

“the core of a prospective memory task is an intention 
to act in a particular way at some specified moment 
in the future. When an intention is formed, one has to 
encode the content of that intention: the action (what to 
do); the retrieval criteria (when to do it) and the intent 
(that there is something you wish to do at some point). 
This content must be retained over a period of delay 
or retention interval (of minutes, hours, days etc.), then  
recalled and enacted when a situation that satisfies the 
retrieval criteria occurs. Clearly there is also some need 
for evaluating whether the intention has been fully or 
partially satisfied and to retain a record of this event.”28  
A first approach used to compensate for patients’ limited 
memory may consist of giving them either written 
information in the form of medicine reminder charts29  
or pill dispensers.30 We already mentioned the interest of 
bolus alarms in smart pumps.22

The theory of prospective memory suggests involvement 
of a “research cue.” This “cue” may be event dependent, 

Technology for Monitoring Adherence
The precise numbers quoted earlier must not cloud 
the difficulty of attempting to evaluate therapeutic 
adherence quantitatively. This evaluation generally uses 
physicians’ assessments or the observations of patients’  
families concerning their behavior; questions addressed 
to patients themselves or patient’s self-observation; 
pill count when patients are asked to bring back used 
packages of medication; determination of MPR; use of 
biological markers, such as the dose of medication in 
blood or urine; and, more recently, electronic surveillance 
systems that involve the placement of electronic circuits  
in the pill or eye drop bottles registering each use.11,12

Thus, “medication event monitoring systems” (MEMS) 
consist of standard pill bottles with microprocessors in  
the cap that record the timing and frequency of bottle 
openings (this recording does not prove, however, that 
the pill was actually taken). For instance, it is possible 
to provide an objective demonstration that the lunch pill 
is the pill missed most often.13 An interesting study14 
investigated the effect of patients’ perception of MEMS 
on adherence to treatment. Patients who, at the end of 
a study using MEMS to monitor adherence, agreed 
with the sentences “I used the MEMS every day,” “I felt 
comfortable using the MEMS in front of others,” or “I 
remembered to put my medication refills in the MEMS” 
were found to be more adherent than patients who 
disagreed. This observation may suggest that there may 
actually be a flaw in the use of these systems to monitor 
adherence, as patients adherent to MEMS may also be 
more adherent to medication, suggesting again that  

“adherence is a whole.”7 However, this may also suggest 
that the use of MEMS may represent per se an adherence 
intervention: indeed, in this study, approximately two-thirds 
of the participants stated that the MEMS helped them 
remember to take their medications.14

Using technology to assess patient adherence also 
represents a feature of tools commonly used in diabetes care. 
Thus,�����������������������������������������������������         the addition of memory chips in glucometers capable 
of storing glucose determinations with corresponding times 
and dates made it possible to determine the level of 
reliability and accuracy of results recorded in patients’ 
logbooks. A first study indicated that ����������������� three-fourths of 
subjects had a significantly lower mean blood glucose 
level than was reported in the logbooks and revealed 
both underreporting and overreporting (addition of 
phantom values).15–17 Interestingly, another study found 
fewer discrepancies in individuals who were aware of 
the presence of the memory chip in the glucometer.18  



495

Can Technology Improve Adherence to Long-Term Therapies? Reach

www.journalofdst.orgJ Diabetes Sci Technol Vol 3, Issue 3, May 2009

binding the task to a daily task (e.g., injecting insulin 
before going to bed), or time dependent, being as specific  
as possible (thus, it may be more specific to prescribe 

“take your tablet on Saturday evening” than “take 
your tablet once a week”). There may be room here for 
technology in the form of electronic reminders, such 
as electronic pill boxes.31 Interestingly, the theory of 
prospective memory also suggests that there is some need 
for evaluating whether the intention has been satisfied 
and to retain a record of this event. In this respect, novel 
insulin pens, which record the dose and timing of the  
last insulin injection, may be useful.32

Telecommunication through email or telephone may offer 
a way to improve adherence. For instance, a controlled 
study investigated the respective efficiency of improving 
visit attendance with either text messaging or mobile 
phone reminders 24–48 hours prior to a scheduled 
appointment. Attendance was better than in the control 
group of patients who did not receive any intervention.33 
Similarly, mobile phone text messaging was found 
to be useful for smoking cessation in a study where  
participants allocated to the intervention group (active 
group) were sent regular personalized text messages 
providing information on symptoms to expect upon 
quitting, tips on how to avoid weight gain, cope with 
craving, avoid smoking triggers, motivational support 
such as success stories, or even distraction such as 
information on sports, fashion, and travels.34

However, a difficulty of this approach should not 
be overlooked as shown by a negative, but highly 
instructive, pilot study of an interactive voice response 
system aimed at improving medication refill compliance, 
in which not only patient complaints suggested that 
the system needed to be improved, such as “I received 
two reminder calls at 1:30 a.m. and did not appreciate 
that!,” but also that there is a risk that the technological 
nature of the approach is itself a source of rejection: 

“the machine made me sound stupid because it would 
ask me to answer when I already had” or “a machine 
is a machine. There is nothing human about that. I’d 
rather talk to a real person.”35 This brings us back to the 
importance of considering the mental mechanisms of 
nonadherence to long-term therapies.

Motivation and Intentionality
Figure 2 represents a tentative description of the mental 
processes leading to the acceptance of performing 
a therapeutic task (e.g., measuring blood glucose).7 
Generally speaking, a patient may be nonadherent to 

Figure 2. Technè and Psychè: mental states as targets of interventions 
aimed to improve adherence. The two artworks by Leonardo da Vinci 
symbolize the possibility of an interaction between technology and 
psychology.

part of her treatment because she (1) does not want to  
do it (deficit of desire), (2) does not know what to do and 
how to do it (deficit of knowledge and skills), (3) does not 
believe that she can do it, that it is necessary to do it, or 
that the advantages of doing it are more important than 
the benefits (lack of appropriate beliefs), (4) believes that 
it is dangerous to do it (effect of an emotion, fear), and 
(5) does not have the means to do it (lack of resources). 
Mental states such as pain, pleasure, or boredom may 
also be involved. As shown in Figure 2, technology may 
theoretically represent a way to improve adherence to 
therapy by acting on different targets—as an educational 
tool by providing the patient with knowledge and skills; 
specifically in the field of diabetes care by relieving the 
patient from the fear of hypoglycemia; or by promoting 
the desire to accomplish the therapeutic task.

Technology and Patient Education. Let us consider 
continuous glucose monitoring. “For the patient, the 
illustrative nature of the tracings may make them more 
meaningful than a logbook.”36 However, such a statement 
on the educational value of using a CGM system has not 
been evaluated in controlled studies.

A recent study evaluated the use of an algorithm (DATA, 
for DirecNet Applied Treatment Algorithm) provided to  
children using a continuous glucose monitoring system. 
Interestingly, the percentage of patients who used the 
algorithm at least 50% of the time in responding to 
alarms, or who used the algorithm most of the time or 
always to adjust premeal bolus, decreased between the 
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theory.45 This theory suggests that the human mind 
tends to assign “high-level” criteria to remote events, 
in particular, abstraction; and “low-level” criteria to 
proximal events, in particular, a concrete description 
(thus, if I think in a remote event mode about reading,  
I will think of the fact that reading enriches my mind.  
If I think about reading tomorrow, I will think of the 
book that I am currently reading). This represents a major 
obstacle to adherence to long-term therapies,46 as people 
often prefer smaller rewards sooner to larger rewards 
later.47 Under this conceptual framework, technology may 
facilitate adherence by rendering its reward concrete and 
immediate: by using SMBG, CGM, or, more trivially, an 
accelerometer, adherence to insulin therapy or to exercise 
may be improved because people see what they did. 
However, again, this kind of hypothesis has not been 
tested and this remark points out how much empirical 
studies are needed to understand the “mechanism of 
action,” at the mental level, of implementing technology  
in medical care.

Technology against Boredom. “If somebody says that a task 
is mechanical, it does not mean that people are incapable  
of doing the task; it implies, though, that only a machine 
could do it over and over, without ever complaining, or 
feeling bored.” This sentence, from Douglas Hofstadter 
in “Gödel, Escher, Bach, an Eternal Golden Braid,”  
illustrates perfectly an aspect of adherence that cannot 
be overlooked: to be adherent is simply boring in the 
long term, which may explain why nonadherence is so 
frequent in chronic diseases. Technology may therefore 
represent a solution to the problem of nonadherence 
to long-term therapies by doing the task for the patient.  
This is why a true closed-loop insulin system is so 
eagerly waited for by patients: they would not have to 
measure blood glucose, to adjust insulin doses, and so on.  
Before these systems are available, patients may find 
assistance for the important and difficult task of 
adjusting insulin doses in smart pump technology48 or in 
telemedicine-based systems.49

Adherence to Technology
Adherence to technology may have an impact on its 
efficiency. This can be demonstrated by examining results 
of the recently published Juvenile Diabetes Research 
Foundation trial on continuous glucose monitoring.  
At least 6.0 days of sensor use per week was the average  
of 83% of patients older than 25 years, of 30% of 15- to  
24-year-old patients, and of 50% of 8- to 14-year-old 
patients. An improvement in HbA1c was only observed 
in the first group of patients [delta over baseline: –0.53%,  

3rd and the 13th week of the study. Despite this, there 
was an increase in the percentage of patients who 
reported making changes to their carbohydrate-to-insulin 
ratios or to their basal insulin rates, suggesting that 
they were learning from their glucose patterns and were 
individualizing their treatment plans.37

This issue is important: if it was possible to really 
demonstrate that short-term (i.e., 3 months) use of the 
system does improve the ability of patients to implement 
functional insulin therapy on a long-term basis, this 
would pave the way to the definition of novel strategies  
for the use of these systems, with a possible impact on 
their refunding. Clearly there is a need for studies in 
this field that would refer to concepts developed in the  
field of patient education.

Technology and Fear of Hypoglycemia. Fear of hypoglycemia 
is the most feared complication of insulin therapy38,39 
and is one of the reasons why patients with diabetes 
are reluctant to implement Diabetes Control and 
Complications Trial recommendations40 and to increase 
their insulin doses when their blood glucose level is 
high.41 However, only three studies have addressed  
the effect of using these systems regarding the fear of 
hypoglycemia. In two controlled studies, there was no 
difference between groups in the “fear of hypoglycemia” 
survey.42,43 Only in the first study did the CGM system 
group show a slightly but not significantly lower fear  
of hypoglycemia when comparing a 3-months score 
(56.3) to baseline score (61.8). In a recent nonrandomized  
study using the FreeStyle Navigator® CGM system, both 
children and parents agreed in the CGM satisfaction  
scale that the sensor “makes [them] feel safer knowing 
that [they] will be warned about low blood sugar before 
it happens.”44 Thus, further studies are needed to 
substantiate this point.

Technology and Motivation. In the minds of people having 
to follow long-term therapies, there may be a striking 
contrast between the objectives of treatment, which 
represents an abstract (“to avoid complications”) and long-
term concept, and the representation of inaction, which 
is, in contrast, immediate and concrete, i.e., imagined 
readily in the form of a nap in front of the television 
set, an additional piece of cake, or the forbidden 
cigarette. The couple prevention/inaction, in other words, 
adherence/nonadherence, can thus be schematized in  
the form abstract–long term/concrete–short term. This 
association is not the effect of hazard: Yacov Trope and 
Nira Liberman worked out a theory, largely supported 
by several empirical studies, known as construal level 
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95% confidence interval (CI) = –0.71 to 0.35, p < 0.001], 
but not in the two other groups of patients (0.08%,  
95% CI –0.17 to 0.33, p = 0.52, and –0.13%, 95% CI –0.38 to 
0.11, p = 0.29, respectively). Although this association 
was not discussed by the authors in the article,50 
but in a subsequent letter to the journal, the lack of 
HbA1c improvement in children and teenagers was 
likely a consequence of poorer adherence observed in  
these ranges of age. Indeed, in another study, Hirsch 
and colleagues51 demonstrated a significant effect of 
adherence to the technology on metabolic control: each 
10% increase in adherence was associated with a 41% 
increase in the probability of a 0.5% reduction in HbA1c, 
with this effect of adherence on HbA1c being significant  
(p = 0.0456).

Conclusion: The Doctors, Their Patients, 
and Technology
The aim of this article was to suggest that indeed, as 
claimed by the WHO, “increasing the effectiveness of 
adherence interventions may have a far greater impact  
on the health of the population than any improvement 
in specific medical treatment.” This statement can be  
applied to the development of drugs, as well as to other 
fields, such as cell therapy (poor adherence represents  
a critical issue in organ transplantation52) and, as 
shown earlier, in technology-based treatments, such as 
self-monitoring of blood glucose or continuous glucose 
monitoring. However, improving patient adherence is 
not simple, and it is necessary to understand why people  
are or are not adherent to medical prescriptions. We saw  
that the mechanisms imply the intervention of different 
mental states, which can be themselves the target of 
technology-based interventions (Figure 2).

However, as shown in Figure 2, desire plays a central 
role in the accomplishment of any action, and specifically 
of therapeutic actions. It is therefore important that both 
the patient and the health care provider are convinced 
of the utility of using the technology. In this respect, 
technology such as SMBG or CGM may represent a 
unique opportunity for a conversation between the doctor 
and his/her patient,53 which may in turn represent the true  
way toward an improvement in adherence.

A recent study demonstrated the importance of this 
conversation. It investigated the reasons of nonadherence 
to SMBG. Some verbatim are impressive: “Q: So did 
they ever ask to see your readings that you’d taken?  
A: Oh no, no. I don’t even think they’ve asked me if I’ve 
got a meter.” “Well I’m filling out this book, nobody ever 

looks at it, and you go to the doctor, and they take your 
blood, and they can decide from what your levels are—so 
why am I inflicting this pain on myself for nothing?”54 
In a recent critical review analyzing the key for success 
of SMBG, Klonoff and associates55 pointed out that  

“subjects and caregivers must use the SMBG monitoring 
equipment properly. Specific behavior by both parties is 
critical.” It is important to consider that nonadherence 
concerns not only patients, but doctors as well, who 
may not adhere to current guidelines, a phenomenon 
described as clinical inertia, which may have the same 
background as patient nonadherence.56

It is important to remember that almost all the 
interventions effective for improving patient adherence 
in long-term care were complex, including a combination 
of more convenient care, information, reminders, self-
monitoring, manual telephone follow-up, reinforcement, 
counseling, family therapy, psychological therapy, crisis 
intervention, and supportive care.10 In conclusion, in this 
area, as in others, technè should not be seen as a panacea:  
it is only a part of the solution.
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