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Although HIV can be treated effectively with combination Antiretroviral Therapy 
(cART) [1], non-adherence to cART remains a widespread health care problem. 
A substantial number of patients treated for HIV do not achieve or maintain the 
high adherence levels required for a successful and long-term treatment [2-4]. 
Non-adherence decreases benefit from treatment, can lead to poor clinical out-
comes, and also increases costs of care [5-7]. In the US, cost estimates of non-ad-
herence across chronic conditions range between $100 and $310 billion annually 
in unnecessary healthcare spending and loss of productivity [8-9]. Effective and 
cost-effective interventions aimed at improving adherence are thus urgently 
needed to reduce the societal burden of non-adherence. The main objective of 
this thesis is to study the (cost-)effectiveness of a proven effective theory- and 
evidence-based self-management intervention aimed at improving adherence to 
HIV-treatment. In addition, the currently available evidence about cost-effective-
ness of adherence interventions will be synthesized, and it will be examined how 
the design, evaluation, and reporting of adherence trials can be optimized.

Antiretroviral Therapy
The introduction of cART in 1996 is considered one of the success stories of mod-
ern medicine [10]. cART has transformed HIV into a manageable chronic condi-
tion and the life expectancy of people living with HIV is now almost equal to those 
living without HIV, particularly if patients are diagnosed and treated early [11]. The 
therapy is aimed at suppressing viral replication, which allows the body’s immune 
system to restore and function adequately [1]. The suppression of viral load below 
detection levels of currently available assays (e.g., 40 copies/ml) is an important 
predictor of sustained treatment success. Clinical outcomes of therapy are less 
opportunistic infections, improved patient health, prolonged life expectancy, and 
better quality of life. Since the introduction of cART, the therapy has become more 
effective and better tolerated [12]. The most remarkable improvements over the 
past years are the simplification of treatment (from multiple drugs with dietary 
restrictions to once-daily regimens without such restrictions) and the reduction in 
side-effects.

A precondition for therapeutic benefit is adherence to therapy. cART requires 
continuous high levels of adherence (>90-95%) to suppress the viral replication 
effectively, and thereby prevent the development of resistant viral strains and 
treatment failure [13-18]. Despite that full viral suppression can be achieved by 
(some) patients with lower adherence levels (70-90%) [17], and although each 
regimen has specific adherence-drug resistance relationships [19], it is generally 
recommended that patients take at least 90-95% of their medication for long-term 
suppression of viral replication. As demonstrated earlier, adherence below 96% 
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regimen from initiation until the last dose taken; and discontinuation refers to the 
time point when no more doses are taken [31]. 

Measuring Adherence
Accurate measurement of adherence is necessary for research on its patterns, 
determinants, and implications. Despite the availability of numerous methods, 
it has often been stated that there is no ‘gold standard’ for adherence measure-
ment. Each method has its own specific strengths and weaknesses, which are 
related to costs, complexity, accuracy, feasibility, and bias [34]. Moreover, adher-
ence estimates from different methods correlate weakly to moderately [35-36], and 
the choice for a method depends on whether the assessment is for research or 
clinical purposes [37]. Ideally, a simple, valid, and reliable method is needed that 
allows for detecting non-adherence and different patterns of non-adherence [38]. 
If such a method is not available, adherence rates from multiple methods can be 
combined to provide more accurate estimates [36,39]. The most commonly used 
adherence measures in clinical practice and research are self-reports, pharmacy 
refills, and electronic medication monitors [34].

Self-report measures, such as questionnaires and interviews, are attractive adher-
ence measures due to their feasibility and low costs [35,40,41]. Despite these ad-
vantages, self-reports are prone to measurement errors. Studies have shown that 
self-report measures tend to overestimate medication adherence [e.g., 42]. Over-
estimations might result from social desirability bias or recall bias [40,41]. Social 
desirability bias may encourage patients to report adherence rates consistent with 
what they perceive as expected from them. Recall bias refers to the difficulty re-
membering that a dose is missed.

Pharmacy refill data provide insight into whether patients’ prescriptions have 
been filled and the frequency of refill [43-45]. From this, the medication possession 
ratio can be determined, which reflects the percentage of time that patients can 
access medication. The strengths of pharmacy refill data are its non-invasiveness 
and that the data can be consulted with no effort from the patient [46]. The data 
come from pharmacy records and provide an accurate illustration of real-world 
medication use. These data are therefore useful from an epidemiological perspec-
tive. However, pharmacy refill data are less useful when accuracy is needed, or 
more complicated to calculate when medication is prescribed from different phar-
macies with independent databases.

More accurate assessments might be needed for evaluating adherence inter-
ventions [47]. Measures which are able to provide accurate details of adherence 

for BID regimens (twice-daily) and below 100% for QD regimens (once-daily) 
are already associated with increased intracellular viral replication [18]. Hence, 
it seems important that patients and providers continue to strive for maximum 
levels of adherence. Yet, despite the high-quality adherence care delivered in the 
Netherlands [20], non-adherence remains problematic for many patients [2,21,22].

Poor adherence to cART has been shown to be a major determinant of virological 
failure, emergence of drug resistant viruses, and disease progression [13-15,23]. 
Poor adherence thereby increases the likelihood of HIV transmission, which is not 
only worrisome from a public health perspective [24-26], but the average lifelong 
costs after HIV-infection are also enormous (more than $600,000 per patient) 
[27]. Other clinical consequences of poor adherence to cART can also be costly 
[6,28,29], for example due to increased frequency and duration of hospital visits. 
Costs will especially rise when a virus becomes resistant and treatment fails. Sec-
ond- or third-line regimens are generally more costly, more complex, and cause 
more side effects than a first-line regimen. Health care costs can therefore in-
crease due to management of side-effects and opportunistic infections. Additional 
costs - and usually the largest contributor to the societal costs - may result from 
productivity losses, either from presenteeism (attending work while sick) or ab-
senteeism (not attending work) [30]. Hence, the consequences of non-adherence 
affect not only the individual patient, but also the society as a whole.

Defining Adherence
Adherence is defined as the extent to which patient behavior corresponds to the 
agreed recommendations of the provider [7]. Various other definitions for medi-
cation taking have been used in the literature, such as ‘compliance’, ‘persistence’, 
and ‘concordance’ [31]. They have all been used to indicate that the patient is us-
ing the medication following the prescribed regimen. Although these terms have 
often been used interchangeably, they impose different views on the relationship 
between the patient and health care provider, (re)filling prescriptions, and taking 
medication appropriately. ‘Compliance’, for example, has been used most often 
until the late nineties. However, the term has been criticized for its paternalistic 
undertone, because it implies that the patient follows the providers’ instructions 
passively [32]. As it is now widely accepted that medication taking behavior is con-
ditional on agreement between patient and prescribers, ‘adherence’ to medication 
is the preferred terminology [31,33]. Hence, the term ‘adherence’ will be used in 
this thesis. Non-adherence can occur in three different stages: initiation, imple-
mentation, and discontinuation. Initiation is defined as the moment at which the 
patient takes the first dose of a prescribed medication; implementation is the 
extent to which a patient’s actual dosing corresponds to the prescribed dosing 
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substance abuse. However, others are more sensitive for change through good 
education, effective communication, and professional support. The relationship 
between patients and health care providers is therefore one of the most important 
predictors of adherence. Particularly, trust, open discussion, good communica-
tion, genuine empathy, positive reinforcement, and support are essential elements 
for an ongoing and consistent relationship between patient and health care pro-
vider [73-75]. In fact, Zolnierek and DiMatteo showed that the patients of providers 
who communicate effectively have a 19% higher adherence rate than patients 
whose providers do not communicate effectively [75]. 

Clearly, with so many different factors as potential predictors of non-adherence, 
no ‘one size fits all’ approach can be expected from adherence interventions. De-
signing effective and tailored adherence interventions therefore starts with iden-
tifying the most important and changeable barriers of non-adherence for patient 
sub-groups and in individual patients. 

Effectiveness of Adherence Interventions
Supporting patients to improve their adherence to medication is critical to im-
prove health outcomes and to reduce health care spending. According to the 
World Health Organization, ‘increasing the effectiveness of adherence interven-
tions may have far greater impact on the health of populations than any improve-
ment in specific medical treatment.’ Because the problem of non-adherence is 
often multifactorial, cost-effective programs to improve medication adherence 
need to adopt comprehensive approaches, often involving several evidence-based 
strategies [76].

In the past decades, much time and effort has been spent on the development 
of interventions aimed to improve adherence to medication. Numerous sys-
tematic reviews have been published that summarized adherence interventions 
across chronic conditions [33,77-79], and adherence interventions specifically for 
HIV-treatment [80-83]. Even though a meta-analysis has suggested that the quality 
of adherence counseling can explain up to 50% of adherence rates and treatment 
success rates [20], systematic reviews have generally shown small and temporary 
effects of adherence interventions, and there are no simple strategies with clearly 
demonstrated effectiveness. The most successful interventions were multifaceted, 
relatively complex, costly to develop, and require carefully designed implemen-
tation strategies. In addition, Cochrane reviews of randomized controlled trials 
across conditions showed that less than half of the interventions affected adher-
ence to medication positively, and that less than one-third of the interventions 
reported statistically significant improvements in at least one clinical outcome 

patterns include electronic monitoring, such as Medication Event Monitoring 
Systems (MEMS)-caps (MWV Healthcare) [48]. These MEMS-caps are electronic 
pill caps that register date and time of pill bottle opening. Electronic measures are 
attractive as they provide detailed adherence patterns. Because adherence mea-
sured by electronic monitoring is most predictive of viral suppression rates, some 
researchers have referred to it as a potential gold standard [49,50]. Yet, despite its 
strengths, MEMS-data may underestimate adherence rates by inaccurate use and 
acceptability problems can arise due its design [21,51]. Another possible limita-
tion is that electronic monitoring may influence adherence [52]. Participants may 
be more adherent than usual because they are aware of being monitored, which 
is the so called monitoring bias. However, other empirical studies showed that 
electronic monitoring had no effect (or only for about a few weeks) on adherence 
when compared to standard packaging [53]. 

Barriers to Adherence
While the problem of non-adherence is widely recognized, the underlying reasons 
are still not fully understood. A major challenge is having an accurate understand-
ing of the factors that contribute to non-adherence [34]. Much qualitative and 
quantitative research has examined barriers to adherence across multiple chronic 
conditions. Over a hundred factors have been associated with in non-adherence 
to medication, but consensus has not been reached about which are most predic-
tive [54-56].

Adherence to cART is influenced by a complex interplay of factors, which can be 
related to the health care system, the treatment, the condition, the patient, and/
or the health care provider [7]. The main barriers related to the health care system 
are financial constraints, low access to (high quality) health care, and low access 
to medication (which is much less of a concern in the Netherlands, because all 
Dutch citizens have access to health care) [57]. Treatment-related barriers of ad-
herence are the complexity of the drug regimen [58,59], the use of multiple medi-
cations (polypharmacy) [60], and perceived side effects [61]. Patient demographic 
characteristics, including age and educational level are related to adherence [62]. 
Non-adherence is also associated with patients’ psychosocial and behavioral char-
acteristics. These can include negative medication beliefs (low perceived necessity 
of taking cART and concerns about potential adverse aspects of cART) [63-65], 
illiteracy [66], low satisfaction with health care [67], fear of disclosure [68], forget-
fulness [55], a lack of social support [61,69], stigmatization [22,54,70], depression 
and other psychiatric disorders [2,61], alcohol/drug abuse [2], non-acceptance of 
HIV-status [71], lack of self-efficacy [54,60,61,72], and disruptions in daily routine 
[72]. Some of these barriers are hard to address, such as psychiatric disorders and 
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ing elements [98]. The (theoretical underpinnings of the) AIMS-intervention has 
been extensively described in earlier studies [21,92].

Central to AIMS is electronic adherence monitoring with MEMS-caps (for techni-
cal details see Figure 1). The MEMS-data can only be downloaded by HIV-nurses 
(using a communication device, the so called MEMS-reader) and the intervention 
elements are available online through a web-platform (MedAmigotm). The data 
obtained via the MEMS-caps can be displayed in a calendar plot that shows the 
patient’s adherence patterns generated by the electronic monitor (for two exam-
ples see Figure 2). These plots can be used to provide feedback about patterns 
of non-adherence, and allow for identification of barriers and the development of 
potential solutions to deal with these for each individual patient. 

The intervention protocol contains several practical steps. First, the HIV-nurses 
provide tailored information about (the consequences of) non-adherence, to 
increase knowledge and to correct misconceptions if necessary (verbally and us-
ing a simple graph). Second, patients are asked to select and motivate a desired 
adherence level using seven exemplar MEMS-reports ranging from perfect and 
regular adherence to suboptimal and irregular adherence. Third, the patient’s own 
adherence report is printed and discrepancies between the desired and actual 
adherence pattern are discussed. Fourth, patterns of non-adherence are identified, 
adherence barriers are discussed, and solutions are formulated for these prob-
lems. If solutions need to be memorized, specific actions plans are formulated. 
Fifth, patients are asked to select a general adherence goal (by selecting one of 
the seven exemplar adherence plots) and self-efficacy for this general goal is dis-
cussed. Finally, patients are being asked to actively self-monitor adherence during 
the upcoming period. During the next intervention visits, patients’ new MEMS-re-
ports are examined, and if necessary the action plans are adapted. If adherence 
reaches optimal levels, goals for maintenance are formulated. 

During an earlier pilot-study and a randomized controlled trial, both health care 
professionals and patients evaluated AIMS positively [92]. Moreover, AIMS en-
hanced adherence and viral suppression rates among 133 Caucasian patients in a 
9-months randomized controlled trial, and AIMS fitted in routine clinical care and 
matched nurses’ competences [21]. Additionally, systematic reviews of other ad-
herence-enhancing interventions in which the effectiveness of electronic monitors 
was examined showed that feedback to patients about their adherence patterns 
was the strongest factor influencing adherence [99,100]. This conclusion was also 
confirmed by several recent trials that used electronic monitoring feedback as part 
of the adherence intervention [e.g., 101-103].

[33,77]. Thus, despite the great deal of effort that has been made so far to improve 
adherence among people living with HIV, and also patients with other chronic dis-
orders, much progress can still be made.

Several possible explanations can be given for a lack of positive adherence interven-
tion effects. First, interventions often lack theoretical foundation and may therefore 
fail to address the most important determinants of non-adherence [84-86]. Second, 
study participants may not receive the intervention completely (i.e., skipping of in-
tervention visits or intervention steps), or the intervention may not be delivered ac-
cording to the protocol (i.e., a low fidelity rate). Third, interventions may also target 
patients who do not need more adherence support, because these patients have 
no or only minor problems in being adherent. Although it is difficult for research-
ers to identify and include patients who are at the greatest risk for non-adherence, 
an effort should be made to select patient samples which can benefit most from 
adherence interventions [87]. Fourth, if interventions are being tested in real-life 
contexts, the comparator is often ‘treatment-as-usual’. If the control group receives 
high-quality treatment-as-usual, and if there is substantial overlap in content de-
livered to both the intervention and control group, intervention effects can be sub-
stantially reduced in settings with higher quality usual adherence care [20,88,89]. 

While no universal formula will improve medication adherence in all settings, 
studies have suggested that several ingredients are essential for any well-designed 
medication adherence improvement intervention: improving patients’ understand-
ing of their treatment, providing counseling and accountability by the health care 
team, ensuring that there are tools and strategies to assist patient self-monitoring, 
active goal setting, and tailoring the program [76,90,91]. Ideally, follow-up interven-
tions should be provided to achieve sustainable adherence patterns [82]. Finally, 
although some evidence is available about what might make some adherence inter-
ventions more effective than others, this does not imply that they are also cost-ef-
fective. In fact, only a small number of adherence interventions have been subject-
ed to some sort of cost-effectiveness analysis.

The AIMS-Intervention 
One of the few adherence interventions that has shown positive effects on both 
adherence and clinical outcomes (undetectable HIV plasma viral load) is the 
nurse-delivered Adherence Improving self-Management Strategy (AIMS) [21,92]. 
The intervention has been designed by behavior change scientists and clinicians, 
and was then adapted based on patient feedback. AIMS is mainly founded on the 
theory of planned behavior [93], cognitive dissonance theory [94], self-regulation 
theories [95], goal setting theory [96,97], and supported by motivational interview-
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describing the usual care pathway, inappropriate statistical analysis of cost data, 
not conducting an incremental cost-effectiveness ratio, and not carrying out sen-
sitivity analyses), and may be inadequate to assess cost-effectiveness accurately. 
In addition, the heterogeneity of studies (e.g., varying terminology, adherence 
measures, health-related endpoints, and perspectives) precluded to draw firm 
conclusions about the overall cost-effectiveness. Moreover, the trial periods were 
often too short to capture all relevant changes in costs and effects. Hence, more 
uniform and more rigorous designs and study reports are needed to improve the 
comparability of available evidence.

One of the challenges in performing economic evaluations is to obtain a suitable 
and valid measure for the benefits of adherence interventions. Effects of economic 
evaluations are frequently defined in terms of quality-adjusted life years (QALYs) 
[105,106]. Policy makers are interested the well-being of the entire society and 
therefore they want compare the cost-effectiveness of interventions across dis-
eases. Using QALYs as the primary outcome of effects facilitates this comparison. 
The QALY is a product of the quantity and the quality of life lived. It is a combined 
measure that captures both life expectancy and generic health-related quality of 
life (HRQOL) in a single value. HRQOL in HIV populations is often measured us-
ing disease-specific measures, such as MOS-HIV [107]. Although disease-specific 
HRQOL measures can be relevant for patients and providers (i.e., they are usually 
sensitive to detect disease-relevant changes), they are incapable of comparing 
HRQOL across chronic conditions. In contrast, generic HRQOL measures, such 
as EQ-5D [108] and SF-6D [109], are able to compare across chronic conditions by 
expressing HRQOL in QALYs, also known as utility scores. Utility scores are com-
monly standardized to take the value of 1 in case of perfect health and that of 0 in 
case of the state dead.

Nowadays, modern health behavior change interventions do not only focus on 
improving health. They are also expected to impact on broader domains of sub-
jective well-being, which is referred to as the scientific equivalent of happiness 
[110,111]. Although the value of HRQOL as an outcomes measure has been recog-
nized by researchers and clinicians, it has also been criticized for being too nar-
row. That is, focusing only on perceived health status while other domains in life 
may also be important [112]. Different from HRQOL, subjective well-being views 
individuals holistically within their broader physical, social and economic environ-
ment. Changes to these overall well-being outcomes are not captured by standard 
measures of health outcomes, such as QALYs. Recent methodological recom-
mendations have therefore highlighted the relevance of subjective well-being for 
assessing intervention outcomes in economic evaluations [111].

The costs of the AIMS-intervention are expected to be relatively low, consisting 
of a three-day training for nurses who deliver AIMS, a 1.5-hour individual booster 
session for each nurse, the MEMS-cap (115€ for each cap with a battery life of three 
years), hosting and updating the intervention website (MedAmigotm web-platform), 
and the additional time spent on adherence support when non-adherence is detect-
ed. If the produced effects of AIMS outweigh its costs - keeping into account the 
available resources - AIMS should be considered for adoption and implementation 
in routine care.

Figure 1 | The Medication Event Monitoring System (MEMS)

Cost-Effectiveness of Adherence Interventions
Considering the substantial costs of non-adherence and the finite health care bud-
gets, especially in the current economic climate, available resources should be allo-
cated efficiently. Economic evaluations of health promotion programs are therefore 
increasingly used to inform policy making about which investments provide the 
largest health gain for a given budget [104]. Economic evaluations can be useful for 
decision makers because they can provide clear policy guidance as to which invest-
ments provide the largest health gain for a given budget. The costs and effects of 
an adherence intervention can be determined and compared with the costs and 
effects of treatment-as-usual and/or other interventions.

In a review of the cost-effectiveness evidence of adherence enhancing interventions 
published a decade ago, Elliott and colleagues [85] found that studies often have 
shortcomings in their economic methodology (e.g., insufficient power, not clearly 
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Usual Adherence Care in the Netherlands
Adherence care in the Netherlands is primarily delivered by HIV-nurses. Although 
the appointment frequency can vary somewhat between clinics, the majority of 
patients visit their HIV-nurse two or three times per year, each consultation tak-
ing about 15 minutes. Supporting adherence is one of the central responsibilities 
for HIV-nurses, but they may discuss as well patients’ sexual behavior, physical 
health, social well-being, and mental health. Furthermore, financial, legal, and 
housing issues can be part of consultations, and if problems are identified nurses 
have the opportunity to refer patients to a social worker. Nevertheless, despite 
that adherence counseling is only one of the tasks in HIV-nurse practice, it is the 
usually the primary one.

In published manuscripts of adherence interventions examined in randomized 
controlled trials, the usual adherence care provided to control groups is typically 
described using just two words: ‘usual care’ or ‘standard care’ [88]. However, the 
active content of usual care may vary considerably between study sites, and this 
can influence adherence and consequently clinical outcomes. Variability in the 
‘quality’ of treatment-as-usual has been shown to explain considerable differences 
in treatment success rates among control groups [88], and influences the effect 
sizes obtained by the experimental interventions [20]. Guidelines such as CON-
SORT, WIDER, and TIDieR call for control group descriptions in equal detail as 
intervention content [113-116]. However, no information is given on how to obtain 
and summarize these data. Study reports therefore rarely include any detail about 
the active content of care provided to control groups [20,88,89,117], which can 
lead to inaccurate conclusions about intervention effectiveness and their most 
effective ingredients [20,88].

Objectives of this Thesis
In the current economic climate there is a strong demand for improving the 
efficiency of health care, including adherence support delivered by nurses. The 
primary objective of this thesis is to study the cost-effectiveness of the theory- 
and evidence-based AIMS-intervention, compared to treatment-as-usual. The 
AIMS-intervention will be evaluated among people living with HIV using cART in a 
multi-center randomized controlled trial in the Netherlands. 

In this thesis we also synthesize the current literature on cost-effectiveness of ad-
herence interventions. Furthermore, we examine the relationship between subjec-
tive well-being, health-related quality of life, and other quality of life domains. Fi-
nally, we examine one pragmatic approach to assess and report treatment-as-usu-
al provided to control groups in randomized controlled trials.

Figure 2 | Two examples of MEMS chronology plots.

(a) A regular pattern with no missing doses.

(b) An irregular pattern with multiple missing doses.
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loads). Chapter 7 describes the results from the trial-based economic evaluation 
which is conducted to investigate the cost-effectiveness and cost-utility of the 
AIMS-intervention, in comparison with treatment-as-usual. The study is conduct-
ed from a societal perspective. The main outcome measures include log plasma 
viral load, treatment failure, and quality of life. The results are reported in compli-
ance with CHEERS guidelines for reporting economic evaluations. 

Finally, Chapter 8 provides a general discussion of the results presented in this 
thesis as well as methodological considerations, clinical implications, and recom-
mendations for future research.

Outline of this Thesis
Chapter 2 contains a systematic review that synthesizes the cost-effectiveness 
evidence of medication adherence enhancing interventions (across chronic con-
ditions) reported in randomized controlled trials. The additional aim is to assess 
the methodological quality of the included studies and to provide recommenda-
tions for future economic evaluations. The data are collected based on Cochrane 
guidelines and reported according to PRISMA guidelines. 

A multi-center randomized controlled trial with a follow-up period of 12-15 months 
was designed to evaluate the (cost-)effectiveness of the theory- and evidence 
based Adherence Improving self-Management Strategy (AIMS), compared to 
treatment-as-usual. Chapter 3 provides the trial protocol. Seven Dutch HIV-clin-
ics with in total 21 HIV-nurses were involved in the AIMS-study. The AIMS-study 
was designed to be optimally compliant to widely-endorsed quality criteria for the 
design of randomized controlled trials and cost-effectiveness studies (i.e., Drum-
mond, Cochrane, CONSORT). 

Chapters 4 and 5 are studies with primarily a theoretical and methodological con-
tribution. The central question in Chapter 4 is how health-related quality of life re-
lates to subjective well-being among people living with HIV. It is relevant to study 
this relationship, as health care interventions are increasingly expected to improve 
subjective well-being, rather than health-related quality of life only. Subjective 
well-being is a more holistic patient-reported outcome than health-related quality 
of life as it also includes broader aspects of life, such as financial, social, sexual, 
and environmental well-being. The relationship between health-related quality 
of life and subjective well-being is studied as part of the AIMS-study. The partic-
ipants of the AIMS-study are invited to complete a cross-sectional survey during 
the randomization visit. The aim of Chapter 5 is to describe the development of a 
measurement tool to assess the active content of adherence care provided to the 
control groups in intervention studies, and to pilot-test it in the control group of 
the AIMS-study. Despite the growing attention for the reporting the active ingredi-
ents of interventions, little attention has been paid to assessing the active content 
of control groups. A valid, reliable, and feasible tool is not yet available to describe 
the active content of usual adherence care in randomized controlled trials. 

The main results of the multi-center randomized controlled trial are described in 
Chapter 6 and 7. Chapter 6 describes the effectiveness evaluation of the AIMS-in-
tervention. The primary efficacy outcome measure is the log-transformed plasma 
viral load. The secondary outcome measures are detectable versus undetectable 
viral load, and treatment failure (defined as two consecutive detectable viral 
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Non-adherence to medication is common among patients treated for chronic 
diseases. Approximately 30% to 50% of patients with chronic illnesses do not take 
their medication as prescribed [1]. There are good reasons for trying to enhance 
medication adherence, as non-adherence limits the benefits of drug therapy [2]. 
This can have substantial negative clinical and economic (e.g., increased health 
care consumption and productivity losses) consequences on a range of chronic 
diseases, including mental illness [3-5], asthma [6], diabetes [7,8], HIV/Aids [9,10], 
and hypertension [7]. In the US, cost estimates of non-adherence range between 
$100 and $300 billion annually in unnecessary health care spending and loss of 
productivity [11-13]. 

Many evaluations of adherence interventions have been performed during the 
past decade. A Cochrane review assessed the efficacy/effectiveness of these inter-
ventions. The authors found that out of the 81 intervention studies meeting their 
inclusion criteria, 36 improved adherence and 26 improved at least one clinical 
outcome [14]. It was observed that the effective interventions were complex and 
resource-intensive. Similar conclusions were drawn in an earlier review by Mc-
Donald et al. [15]. These conclusions raise the concern whether effective adher-
ence interventions can also be cost-effective, and offer societal benefits. 

Interventions that have a positive impact on adherence and clinical outcomes can 
reduce health care costs, and increase patients’ productivity and quality of life 
(QOL) [16]. Policy makers who decide about the implementation of health care 
services need to be able to compare the relative costs and benefits of available 
interventions. In light of the presumed costs of non-adherence and the pressure 
to reduce health care expenditures in the current economic climate, a systematic 
review that assesses experimental evidence for cost-effectiveness of adherence 
interventions would be timely. Such a review, however, is currently not available. 

A prior study by Elliott et al. [17] (2005) reviewed the literature to assess the quali-
ty of cost-effectiveness studies of adherence interventions. The study showed that 
the methodological quality of cost-effectiveness analyses varies greatly: none of 
the included studies met all requirements for a full economic evaluation. More-
over, only a limited number of interventions that were included in the review fo-
cused primarily on medication adherence and study designs other than random-
ized controlled trials (RCTs) were included, such as observational and modeling 
studies. 

Background
In light of the pressure to reduce un-
necessary healthcare expenditures in 
the current economic climate, a sys-
tematic review that assesses evidence 
of cost-effectiveness of adherence en-
hancing interventions would be timely. 

Objective
To examine the cost-effectiveness of 
adherence enhancing interventions 
compared to treatment-as-usual in 
randomized controlled trials, and to 
assess the methodological quality of 
economic evaluations.

Methods
MEDLINE, PsycInfo, EconLit and the 
Centre for Reviews and Dissemination 
databases were searched for random-
ized controlled trials reporting full 
economic evaluations of adherence 
enhancing interventions (published up 
to June 2013). Information was collect-
ed on study characteristics, cost-effec-
tiveness of treatment alternatives, and 
methodological quality.

Results
Fourteen randomized controlled trials 
were included. The quality of economic 
evaluations and the risk of bias varied 
considerably between trials. Four stud-
ies showed ICERs below the threshold 
of willingness-to-pay. Few studies 
seemed to evaluate interventions that 
successfully changed adherence. 

Conclusions
Only 14 randomized controlled trials 
examined the cost-effectiveness of 
adherence interventions. Despite that 
some studies show favorable ICERs, 
the overall quality of studies was 
modest and frequently the economic 
perspectives applied were narrow. To 
demonstrate that adherence interven-
tions can be cost-effective, we recom-
mend that proven-effective adherence 
programs are subjected to comprehen-
sive economic evaluations. 
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Data Extraction and Quality Assessment
Information was collected on study characteristics, cost-effectiveness of interven-
tions, quality of economic evaluations, and risk of bias.

The study characteristics assessed were country, disease, sample size, study de-
sign, type of economic analysis, description of the intervention and alternative 
treatments, adherence measure, time horizon, and the perspective of the eco-
nomic evaluation (societal, payer, provider, or patient perspective).

To evaluate the cost-effectiveness of interventions, the following data were collect-
ed: (1) health consequences: effects on adherence, clinical outcomes, and QOL, 
(2) cost consequences: program costs, out-of-pocket payments, time of partic-
ipants, time of participants’ family members, healthcare costs, costs in other 
societal sectors, and production losses/gains, (3) incremental cost-effectiveness 
ratios (ICERs): the measure used in cost-effectiveness evaluations to examine the 
additional costs that one alternative strategy imposes over another, with respect 
to the effects it delivers. If the outcomes from RCTs were modeled to a longer 
time horizon, these results were also collected.

The Drummond checklist was used to critically appraise the quality of the eco-
nomic evaluations [18]. The quality assessment focused on the identification of 
ten key elements of economic evaluations and methodological characteristics that 
users may expect to find in comprehensive studies. Although a valid threshold to 
classify evidence in terms of methodological quality is not available, we scored 
studies as ‘high-quality’ if seven or more elements from the Drummond checklist 
were reported. Additionally, we examined common issues in economic evaluation 
that are not covered by Drummond checklist, i.e., appropriateness of power calcu-
lations and handling of (skewed) cost data. 

The Cochrane Collaboration bias assessment tool was used to assess the risk of 
bias for the included RCTs [19]. The domains within the tool are selection bias, 
performance bias, detection bias, attrition bias, and reporting bias. Two review-
ers independently assessed the quality of economic evaluations (RdK and EO) 
and the risk of bias (MdB and EO). Disagreements were resolved in a consensus 
meeting.

Analyses
To determine the reliability of the coding, chance-adjusted inter-observer agree-
ment for presence/absence of Cochrane and Drummond checklist items was de-
termined using Cohen’s κ [20]. The risk of bias was examined across studies per 

The present systematic review assesses the evidence regarding the cost-effec-
tiveness of adherence enhancing interventions for chronic conditions. It differs 
from the 2005 study in that it includes more recent studies, focuses primarily 
on enhancing medication adherence, and uses randomized controlled designs. 
The two key research questions of interest are, firstly, what is the quality of eco-
nomic evaluations in these studies? Secondly, what is the evidence regarding the 
cost-effectiveness of medication adherence enhancing interventions? Answering 
these questions should shed light on the progress in this field, and possibly reveal 
whether adherence interventions can indeed produce relevant benefits for society.

Method

The protocol for the systematic review has been registered on PROSPERO (Identi-
fier: CRD42012002299).

Literature Search and Selection Procedure
MEDLINE, PsycInfo, EconLit and the Centre for Reviews and Dissemination data-
bases (DARE, NHS EED, HTA databases) were searched with the Medical Subject 
Headings: (Costs and Cost Analysis OR Cost-Benefit Analysis) AND (Medication 
Adherence OR Patient Compliance OR Treatment Refusal). The following text 
terms were used: (Cost Analysis OR Cost Effectiveness OR Cost Benefit OR Cost 
Utility OR Cost Minimisation OR Economic Evaluation OR Economics) AND 
((Non)Adherence OR (Non)compliance) AND (Interv* OR Increas* OR Enhanc* 
OR Improv*) AND (Medication OR Medic* OR Pill*). For the Centre of Reviews 
and Dissemination databases, MeSH and text terms did not include ‘Cost’. The 
reference lists of selected articles were hand-searched for additional articles.

One reviewer (EO) conducted a preliminary review based on title and abstract, 
after which two reviewers (EO and MdB) independently assessed full papers for 
inclusion. The following inclusion criteria were applied: (1) randomized controlled 
trials, (2) intervention primarily targets medication adherence, (3) published be-
tween 1990 and June 2013, (4) full economic evaluations: comparative analyses of 
costs and consequences of two or more alternative treatments (cost-effectiveness 
analyses and/or cost-utility analyses) [18]. The following study types were exclud-
ed: (1) model-based economic evaluations, (2) cost-sharing studies (change in 
patients’ share for paying medication), (3) regimen simplification studies (change 
in dosing frequency or the number of pills per dose). 
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criterion, and within studies across the different criteria. The higher the bias risk or 
the lower the methodological quality of the economic evaluation, the more uncer-
tainty was assumed concerning the study outcomes.

In order to assess the evidence regarding the cost-effectiveness of adherence in-
terventions, the evidence obtained was also discussed from the viewpoint of the 
economic perspectives adopted in the trials: the societal perspective, the provider 
perspective, the payer perspective, and the patient perspective. We considered the 
societal perspective the most robust evidence since it includes all relevant costs 
and consequences from a holistic viewpoint. Other perspectives than the societal 
may ignore relevant costs and consequences and therefore not capture the full so-
cietal impact on an intervention [21,22]. 

Our results did not permit meta-analyses due to large heterogeneity in outcomes 
and few studies reporting ICERs that were based on QALYs. Instead, we discussed 
the incremental costs and effects of each evaluation. Interventions that were less 
costly and more effective than the control condition were considered cost-effective 
(i.e., the intervention dominates the control group). For programs that were more 
costly and less effective, the opposite was true (i.e., the control group dominates 
the intervention group). Programs that were either more costly and more effective, 
or less costly and less effective were only considered cost-effective if their ICER 
was respectively lower or higher than the willingness to pay. Since thresholds that 
indicate good value for money differ internationally, we used the thresholds that 
were defined by the authors of each study (e.g., £20,000 per QALY in the UK and 
$50,000 per QALY in the US) [23]. Reported cost-effectiveness acceptability curves 
(CEACs) were used to assess statistical uncertainty in relation to willingness to pay.

Results

Literature Selection
The electronic search strategy yielded 4,785 references, 4,683 of which were exclud-
ed after screening titles and abstracts, and a further 89 after full-text review. Most 
studies were excluded because they did not include a full economic evaluation or 
an intervention primarily aimed at enhancing adherence to medication. One study 
was added after hand-searching the reference list of included studies. Fourteen 
studies met all inclusion criteria and were included in the review [24-37]. We also 
searched for non-English studies with an abstract in English. One-hundred and 
ninety additional abstracts were scanned; however, no trials were identified that 
met the inclusion criteria. See Figure 1 for the flow diagram.

Table 1 presents an overview of the study characteristics. Six studies were con-
ducted in the United States and the remainder in European countries. Four 
intervention programs were targeted on patients with mental illnesses, four on 
asthma/COPD, three on hypertension/heart failure, and three on other conditions 
(i.e., HIV and multiple chronic conditions). Sample sizes ranged from 51 to 1,031. 
Most interventions were through face-to-face behavioral counseling with individ-
ual patients, while few used group or telephone counseling, or a mix of these de-
livered modes. Eight interventions were delivered by a trained nurse or therapist, 

Figure 1 | Flow diagram for Locating RCTs for Systemtic Review

Studies retrieved for more detailed 
evaluation (n=102)

Studies excluded for the following main 
reasons:
• Non-full economic evaluation (n=18)
• Intervention not primarily targeted on 

medication adherence (n=43)
• Non-RCT (n=3)
• Cost-sharing study (n=9)
• Treatment simplification study (n=8)
• Review study or meta-analysis (n=7)
• Study protocol (n=1)

Studies included 
in the systematic review (n=14)

Studies excluded (n=4,683) for the 
following most common reasons:
• Not an economic evaluation
• Not an adherence enhancing 

intervention

Potentially relevant studies 
identified and screened for retrieval 

(n=4,785)

Studies added after hand 
searching reference list of 

selected articles (n=1)
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Authors, country, condition Intervention and control group(s)a Sample size randomization 
(follow-up)

Perspective; cost data; year of pricing Time horizon

Bolton et al. [24] 
USA, asthma 

I: Three one-hour educational sessions with a specially trained registered 
nurse. The sessions were focused on emphasising the importance to com-
ply to medical regimens and to increase problem-solving skills; 
C: Treatment-as-usual

I: 119 (92); C: 122 (93) Societal perspective; Program costs, Time of partic-
ipants, Health care costs, Production losses/gains; 
year of pricing not reported 

12 months

Hederos et al. [30] 
Sweden, asthma

I: Group discussion with parents of children. Paediatricians, nurses, and 
psychologists were involved in the sessions, and had three weekly meetings 
of 90 minutes soon after the child was diagnosed and one meeting 6 
months later; 
C: Treatment-as-usual

I: 32 (29); C: 28 (24) Patient perspective: Production losses/gains; year of 
pricing not reported

18 months

Windsor et al. [37] 
USA, asthma

I: Peak flow meter and standardized health education program. One 
30-minute one-to-one session; one 60-minute asthma support group; two 
brief telephone reinforcement calls; 
C: Treatment-as-usual (ten minutes discussion + two follow-up contacts)

I: 132 (124); C: 135 (101) Provider perspective: Program costs; year of pricing 
not reported

12 months

Khdour et al. [32] 
Northern Ireland, COPD

I: Pharmacy-led education and self-management program. Sixty minute 
consultation with a hospital pharmacist; 2 times 20 min telephone calls; 
two times 30 min outpatient visits; 
C: Treatment-as-usual

I: 86 (64); C: 87 (63) Provider perspective: Program costs, Health care 
costs; pricing year 2006/2007

12 months

Bosmans et al. [25] 
The Netherlands, depression

I: Pharmacy-led coaching program. Three coaching contacts of approxi-
mately 15 minutes each with a pharmacist; 
C: Treatment-as-usual. Patients received the standard oral and written 
information that is routinely issued in the Netherlands.

I: 70 (40); C: 81 (48) Societal perspective: Program costs, Health care 
costs, Production losses/gains; pricing year 2002

6 months

Von Knorring et al. [35]
Sweden, depression

I1: Compliance enhancing program. Patients are provided with educational 
material with information covering typical issues and recovery patterns 
associated with successful treatment; 
I2: Therapeutic drug monitoring. Plasma levels were determined at weeks 4 
and 12, reported back to the GP for continued discussion with the patients; 
C: Treatment-as-usual

I1+I2+C: 1031 (1031) Societal perspective: Program costs, Health 
care costs, Production losses/gains; pricing year 
2002/2003

12 months

Von Korff et al. [36] 
USA, depression

I: Enhanced management of pharmacotherapy and psycho-educational in-
tervention to support adherence. Increased intensity and frequency of visits 
over the first four to six weeks of treatment and continued surveillance of 
adherence to medication regimens during continuation and maintenance 
phases; 
C: Treatment-as-usual. Two or three visits over first three months to the GP, 
and the option to refer to mental health services

I: N/A (99); C: N/A (96) Provider perspective: Program costs, Health care 
costs; year of pricing not reported

12 months

Chapter 2 Cost-Effectiveness of Medication Adherence Enhancing Interventions
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Authors, country, condition Intervention and control group(s)a Sample size randomization 
(follow-up)

Perspective; cost data; year of pricing Time horizon

Healey et al. [29] 
UK, psychosis

I: Compliance therapy based on motivational interviewing and cognitive 
approaches to psychosis. Four to six sessions with a trained therapist; 
C: Treatment-as-usual. Non-specific counseling

I: 50 (39); C: 50 (35) Provider perspective: Program costs, Health care 
costs, Costs in other societal sectors; pricing year 
1995/1996

18 months

Brunenberg et al. [26] 
The Netherlands, hypertension

I: Adherence monitoring using Medication Event Monitoring Systems 
(MEMS) and training only for patients with unsatisfactory adherence. The 
training to manage adherence was provided by the GP assistant in three 
sessions of each 15 minutes; 
C: Treatment-as-usual

I: 168 (164); C: 90 (89) Societal perspective: Program costs, Out-of-pocket 
payments, Time of participants’ family members, 
Health care costs, Production losses/gains; pricing 
year 2002

5 months

Schroeder et al. [34] UK, hyper-
tension

I: Nurse-led adherence support using the self-regulatory model of illness 
behavior. One 20-minutes session, followed by a shorter 10-minutes 
reinforcement session; 
C: Treatment-as-usual

I: 128 (110); C: 117 (94) Provider perspective: Program costs; year of pricing 
not reported

6 months

Murray et al. [33] USA, heart 
failure

I: Pharmacy-led intervention with baseline assessment and continuously 
monitoring of patients’ medication use. Pharmacists used an intervention 
protocol, and were trained by an interdisciplinary team of professionals; 
C: Treatment-as-usual

I: 122 (106); C: 192 (164) Provider perspective: Program costs, Health care 
costs; pricing year 2003

12 months

Keeler et al. [31] USA, geriatric 
patients

I: Outpatient geriatric assessment with an intervention to increase adher-
ence, provided by the primary care physician and a health educator. Written 
information, telephone calls, and personal adherence recommendations; 
C: Treatment-as-usual

I: 180 (177); C: 183 (175) Provider perspective: Program costs, Time of partici-
pants, Health care costs; year of pricing not reported

15 months (modeled 
to a time horizon of 60 

months)

Freedberg et al. [28] USA, HIV/
AIDS

I: Home nurse visits. Twice-weekly home nurse visits for the first six weeks 
and all components of treatment-as-usual; 
C: Treatment-as-usual. One to two clinical visits with primary care provider; 
one to four visits with HIV nurse educator; low-literacy educational materi-
als; optional use of peer counselors and/or reminder devices

I+C: 54 (51) Societal perspective: Program costs, Time of 
participants, Time of participants’ family members, 
Health care costs, Production losses/gains; pricing 
year 2004

12 months (modeled to 
lifetime horizon) 

Elliott et al. [27] UK, multiple 
conditions

I: One telephone call by community pharmacist, two weeks after patients 
was recruited: semi-structured interview pharmacy advisory service based 
on the self-regulatory model theory and the necessity-concerns framework;
 C: Treatment-as-usual

I: 255 (87); C: 237 (118) Provider perspective: Program costs, Health care 
costs; pricing year 2004/2005

2 months

a I = Intervention group; C = Control group.

Table 1 | Study Characteristics (continued)
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All methods of identification (relevant cost components), measurement (in ap-
propriate physical and natural units), and valuation (using valid sources and 
methods) of costs and effects should be clearly stated in an economic evaluation 
[18]. Costs and effects were identified for each alternative in 11 studies, measured 
accurately in 12 studies, and valued credibly in nine studies. Of the four studies 
with a follow-up exceeding 12 months, only one used discounting to adjust for dif-
ferential timing of costs and consequences. This accumulated in seven trials with 
an optimal score on these criteria, one trial not passing on any, and the remainder 
with mixed scores.

An ICER is considered the standard unit for expressing incremental costs and 
effects of interventions [40]. Less than half of the studies, however, reported an 
ICER. Three of the six studies that reported an ICER, computed the ICER based 
on adherence or clinical outcomes rather than QALYs, which further limits the 
comparability of adherence interventions across conditions. Only eight studies 
made allowance for uncertainty when providing their estimates of costs and con-
sequences [41]. Uncertainty was handled using test variable uncertainty methods 
(one-way, two-way, or multiple sensitivity analysis) [28,31,33,34], test sample un-
certainty methods (bootstrapping) [27], or a combination of both [25,26,32]. None 
of the studies conducted a methodological sensitivity analysis. Only four studies 
visualized the uncertainty analyses in CEACs [42], of which two were based on 
adherence and/or clinical outcomes [25,27] and two on QALYs [26,32]. In total, five 
trials did not meet any of these criteria, four had mixed scores, and five had only 
positive scores (of which four conducted CEACs). These latter five trials also re-
ceived a positive score for the overall presentation and discussion of results.

Two quality criteria that were coded but are not covered by Drummond checklist 
are sample size computations and appropriate handling of cost data. Nine stud-
ies reported a power calculation [24-27,29,32-34,36], and all these succeeded in 
recruiting the required number of participants. The power computations were, 
however, based on expected adherence or clinical effects. As costs data are highly 
variable and heavily skewed, studies comparing costs may require greater sample 
sizes than studies comparing clinical effects [43]. Therefore, it is unclear whether 
studies had sufficient power to detect relevant effects on economic variables. 
Moreover, with highly skewed distributions, the underlying assumptions of para-
metric tests of the mean are frequently violated [44]. Four studies corrected for 
skewed distributions in cost data [25-27,32].

four by a pharmacists, one by the GP, and one by a group of professionals. All in-
terventions were compared to active control groups receiving treatment-as-usual.

Four studies had a follow-up period of 6 months or shorter (range 2 to 6 months), 
while the other studies had follow-up periods of 12 months or longer (up to 18 
months). Two studies modeled the trial-based outcomes to longer time hori-
zons, namely to 60 months and a lifetime time horizon. Six studies conducted 
a cost-utility analysis in addition to the cost-effectiveness analysis. Five studies 
examined this from the societal perspective, eight used the provider perspective, 
and one the patient perspective. No studies were found from the payer perspec-
tive.

Quality of Economic Evaluations
Table 2 shows the quality of the economic evaluation for each study. Assessment 
of inter-coder reliability produced a satisfactory overall Cohen’s κ of 0.82. None of 
the studies met all Drummond checklist criteria for an economic evaluation. Of 
the 14 studies included, five ‘high-quality’ studies were identified [25-28,32]. Below 
we briefly discuss each of the standards described in Table 2.

According to the Drummond checklist, authors of economic evaluations should 
define a research question in an answerable form to allow readers to identify 
the content of alternatives being compared and the viewpoint(s) from which the 
comparison is to be made [18]. Six studies did not pass this criterion, for the main 
reason that the perspective was not explicitly stated.

A full description of the competing alternatives allows readers to judge the ap-
plicability of interventions to their own setting, assess whether important costs 
and consequences were omitted, and replication of the intervention(s) [18]. In-
tervention components were usually described in some detail (although usually 
insufficient to allow replication), but details on the treatment-as-usual provided to 
control groups was missing from all papers, in spite of evidence suggesting that 
the quality of treatment-as-usual may vary considerably between study sites and 
impact intervention effects [38,39]. Hence, none of the studies passed this criteri-
on.

Economic evaluations should establish effectiveness of interventions either pri-
or to, or simultaneously with the economic evaluation [18]. The data to evaluate 
effectiveness of the alternatives was collected in all studies reviewed. However, 
four studies did not perform a statistical test for one or more (adherence and/or 
clinical) outcomes.
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Risk of Bias
The results for the risk of bias coding are presented in Table 3. Assessment of in-
ter-coder reliability produced a modestly satisfactory Cohen’s κ of 0.60. The risk 
of selection bias was largely unknown due to poor reporting of the sequence gen-
eration process and allocation concealment procedures. The risk of performance 
bias was often coded as high, because participants and health care professionals 
were not blinded to the study hypotheses and group assignments, which is a well-
known difficulty in behavioral intervention research [45]. Risk of detection bias was 
coded as low for eight studies and high for six studies, depending on the outcome 
measure (objective versus subjective) in combination with the lack of blinding of 
the outcome assessor with subjective measures. Attrition bas was coded as high 
for five studies, because there was either an imbalance in attrition or in the reasons 
for dropout between arms. Finally, reporting bias was coded as low for all studies 
reviewed because the primary outcomes were pre-specified in the methods section 
and/or the published trial protocols.

Cost-Effectiveness of Interventions
Below, the results of the studies are described per condition. Table 4 summarizes 
the main study outcomes.

Asthma/COPD
Four studies focused on improving adherence to medication for asthma or COPD 
[24,30,32,37]. 

The study by Khdour et al. [32] compared a pharmacy-led education and self-man-
agement program for COPD-patients to treatment-as-usual. The intervention group 
had higher self-reported adherence scores, but the intervention had no statistically 
significant effects on costs or QOL. The CEAC showed that the probability of the in-
tervention being cost-effective was 95% using a £20,000 per QALY threshold. The 
authors concluded that the pharmacy-led intervention was dominant and therefore 
highly cost-effective compared to treatment-as-usual. The sensitivity analyses indi-
cated that conclusions were robust to variations in most of the key parameters.

Bolton et al. [24] examined an education program compared to treatment-as-usual 
and found less emergency room visits and days of limited activity for the inter-
vention group, but there were no differences in cost data between both groups. 
Adherence and QOL were not measured. No ICERs and uncertainty analyses were 
conducted. The authors concluded that the health-educational program provided 
short-term (4 months after baseline) but not long-term (12 months after baseline) 
benefits for society.

Table 2 | Summary of the Quality of Economic Evaluations
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Bolton et al. [24]       N/A   

Hederos et al. [30]          

Windsor et al. [37]       N/A   

Khdour et al. [32]       N/A   

Bosmans et al. [25]       N/A   

Von Knorring et al. [35]       N/A   

Von Korff et al. [36]       N/A   

Healey et al. [29]          

Brunenberg et al. [26]       N/A   

Schroeder et al. [34]       N/A   

Murray et al. [33]       N/A   

Keeler et al. [31]          

Freedberg et al. [28]          

Elliott et al. [27]       N/A   

  not reported.
  reported.
N/A not applicable (the time horizon does not exceed 12 months).
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Windsor et al. [37] concluded that asthmatic patients using a peak flow meter and 
received a standardized health education program were more adherent compared 
to control participants. Costs were also higher for intervention participants com-
pared to control participants. However, these cost and effect differences were 
not statistically tested. Clinical outcomes and QOL were not taken into account. 
ICERs and uncertainty analyses were not conducted. The authors concluded that 
the intervention provided may be too resource intensive and costly for implemen-
tation.

In sum, four studies focused on improving adherence to medication for asthma 
or COPD. Two interventions were more costly and more effective than treat-
ment-as-usual [24,37] and two interventions were dominant [27,30]. One inter-
vention showed an ICER below the threshold defined by the authors [32]. None of 
the other three studies reported an ICER, a sensitivity analysis, or visualized the 
results in a CEAC.

Mental illness
Four studies evaluated adherence improving interventions for patients with men-
tal illness [25,29,35,36].

The study by Bosmans et al. [25] compared a pharmacy-based coaching program 
to increase adherence to depression medication to treatment-as-usual and found 
no differences between both groups on adherence, depression score, and costs. 
QOL was not measured. Two ICERs were calculated, which revealed a €149 ex-
pense per 1% adherence improvement, and €2,550 per point improvement in 
SCL depression score. The analyses included appropriate sensitivity analyses and 
the results were visualized in CEACs. The authors concluded that continuation 
of treatment-as-usual is recommended, because no statistically significant differ-
ences were found on adherence with treatment, severity of depression, costs, and 
cost-effectiveness. 

Von Knorring et al. [35] compared treatment-as-usual to two interventions, a 
compliance enhancing program and therapeutic drug monitoring, on patients 
suffering from depression. The intervention had no statistically significant effects 
on adherence, treatment response rates, QOL, or cost data. No ICERs and uncer-
tainty analyses were conducted. The authors concluded that evidence for poten-
tial cost-effectiveness of both compliance-enhancing interventions was limited, 
because statistically significant increases in adherence, response rates, and QOL, 
were not demonstrated. 

Table 3 | Summary of the Risk of Bias Assessment

Study Selection 
biasa

Selection 
biasb 

Perfor-
mance bias

Detection 
bias

Attrition 
bias

Reporting 
bias

Bolton et al. [24] unclear unclear high low high low

Hederos et al. [30] unclear unclear high high low low

Windsor et al. [37] unclear unclear high high high low

Khdour et al. [32] low unclear high low unclear low

Bosmans et al. [25] unclear high high high high low

Von Knorring et al. [35] unclear unclear high low low low

Von Korff et al. [36] unclear unclear high low low low

Healey et al. [29] unclear unclear high high unclear low

Brunenberg et al. [26] low low high low low low

Schroeder et al. [34] low low high low high low

Murray et al. [33] low low high low low low

Keeler et al. [31] low low unclear high low low

Freedberg et al. [28] unclear unclear unclear low unclear low

Elliott et al. [27] unclear low high high high low

a Random sequence generation.
b Allocation concealment.

Hederos et al. [30] evaluated group discussions with parents of asthmatic children 
and compared these to treatment-as-usual. Self-reported non-adherence was sta-
tistically significant higher in the control group, and control group patients also 
reported statistically significant more exacerbation days. Intervention participants 
were more productive (in terms of working days) than the control participants, 
but this difference was not statistically tested. Clinical outcomes and QOL were 
not measured. ICERs and uncertainty analyses were not conducted. Nevertheless, 
the authors concluded that the intervention was profitable. 
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al was approximately 47%, irrespective of ceiling ratio. The intervention demon-
strated that the program was slightly more expensive than treatment-as-usual, but 
after excluding indirect costs, the program resulted in cost-savings. However, the 
observed costs were not statistically different, and the uncertainty intervals were 
rather wide. The authors concluded that, the probability that the adherence-im-
proving program shows cost-effectiveness, is at best moderate.

Murray et al. [33] compared a pharmacist intervention to treatment-as-usual. The 
intervention had statistically significant effects on adherence and exacerbation 
rates. No effects were found on QOL and cost data. ICERs and uncertainty analy-
ses were not conducted. The authors concluded that the pharmacist intervention 
provided short-term (during the 9-months active intervention period), but not 
long-term (after the 3-months follow-up period) benefits for society. 

Schroeder et al. [34] compared a nurse-led adherence support intervention to 
treatment-as-usual. Differences in blood pressure and adherence between groups 
were statistically non-significant. Costs were higher for the intervention group, but 
not statistically tested. QOL was not measured. No ICERs and uncertainty analy-
ses were conducted. The authors concluded that the economic evaluation did not 
show evidence of potential cost-effectiveness, because no effects on adherence 
or clinical outcomes were found and costs were also higher for the intervention 
group.

In sum, three studies focused on improving adherence to medication for hyper-
tension or heart failure. The three interventions examined were all more costly 
and more effective than treatment-as-usual. One intervention showed an ICER be-
low the threshold defined by the authors [26]. The two other studies did not report 
an ICER, a sensitivity analysis, or visualized the results in a CEAC.

Other conditions
Three studies evaluated adherence improving interventions for other conditions 
[27,28,31]. One program was targeted at HIV-infected patients [28]; the other two 
were targeted at multiple conditions [27,31]. 

Freedberg et al. [28] compared home visits by a nurse to treatment-as-usual for 
HIV-infected patients receiving antiretroviral treatment. The intervention had re-
sulted in higher viral suppression compared to the control group. However, this 
difference was not statistically tested. Adherence outcomes were not reported. 
Trial results were combined with model-based data to calculate long-term costs 
and consequences [10]. Using a lifetime time-horizon, the ICER was $14,100 per 

Von Korff et al. [36] evaluated enhanced management of pharmacotherapy and 
psycho-educational interventions to support adherence against treatment-as-usu-
al patients diagnosed with depression. The intervention participants showed 
statistically significant higher levels of adherence than treatment-as-usual partic-
ipants. The intervention participants produced more costs but were also more 
successfully treated than control patients, leading to an ICER of $1,592 per major 
depression patient treated successfully. QOL was not measured and uncertainty 
analyses were not conducted. The authors concluded that the intervention pro-
gram would be a means of increasing the value of treatment services because it 
improved satisfaction with care, aside from improved adherence and clinical out-
comes, in patients with major depression. The authors considered the interven-
tion not cost-effective in patients with minor depression.

Healey et al. [29] compared compliance therapy to non-specific counseling of 
psychiatric patients. Intervention participants had higher levels of adherence com-
pared to control participants, had fewer hospitalizations, and scored also higher 
on clinical outcomes measured by the Brief Psychiatric Rating Scale. However, 
the intervention effects were not statistically tested. QOL outcomes were not tak-
en into account. Cost data did not differ between groups. ICERs and uncertainty 
analyses were not conducted. The authors concluded that compliance therapy is 
a cost-effective means of improving compliance. Limitations were placed on the 
lack of power to test for statistical significance.

In sum, four studies focused on improving adherence to medication for mental 
illnesses. The four interventions examined were all more costly and more effective 
than treatment-as-usual. Two studies presented their findings in an ICER [25,36]. 
However, these ICERs were based on adherence and clinical outcomes, rather 
than QALYs.

Hypertension/Heart failure
Three studies evaluated adherence improving interventions for patients with hy-
pertension or heart failure [26,33,34]. 

The study by Brunenberg et al. [26] evaluated an adherence-improving program 
based on discussion and feedback of electronically monitored adherence among 
hypertensive patients, compared to treatment-as-usual. The intervention had no 
statistically significant effects on blood pressure, QOL, or costs. Adherence out-
comes were not reported. Two ICERs were presented: €15 per 1% point additional 
patient with normalized blood pressure and €15,556 per additional QALY. The 
probability that the intervention was cost-effective compared to treatment-as-usu-
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formance bias [32]. Both studies scored ‘unclear’ or low risk’ of bias on the other 
domains). Of these two, the adherence intervention in one was described in so 
little detail that replication seems impossible [28]. 

Discussion

Despite that non-adherence is seen as a major cause of unnecessary health care 
spending [11-13], and many studies have examined efficacy/effectiveness of adher-
ence interventions [14,15], only a modest number of RCTs examined the cost-ef-
fectiveness of adherence interventions. The quality and reporting of the economic 
evaluations and study designs (with regard to risk of bias) was highly variable, 
which further reduced the evidence base available for answering our research 
question. 

Nevertheless, some studies did perform high-quality trials and do show prom-
ising findings in terms of cost-effectiveness [28,32]. Moreover, it seems that the 
quality of the economic evaluations was better in more recent studies. Besides 
the quality of study design, the finding that the majority of studies did not show 
evidence of cost-effectiveness may also be related to the fact that the adherence 
interventions examined are largely not effective in the first place (i.e., no relevant 
and significant changes in adherence or clinical outcomes). We can thus conclude 
from several high-quality studies that effective adherence interventions can im-
prove health-related outcomes and reduce economic burden, but that generally 
more and more rigorously designed evaluations are needed.

Several key recommendations follow from this review. First, we think assess-
ing whether adherence interventions can be cost-effective, also in the long-run, 
should be a research priority in the field. One way of assessing this would be to 
identify the proven-effective adherence programs, to identify settings and popu-
lations were people could benefit most, and to run high-quality and comprehen-
sive economic evaluations. We believe this should be prioritized over investing 
in the design of new adherence interventions. Second, the quality of studies was 
reviewed on two domains, namely the risk of bias and the comprehensiveness of 
the economic evaluation [18,19]. We suggest future studies to design their cost-ef-
fectiveness trials more in line with the current guidelines for cost-effectiveness 
evaluations with a low risk of bias. Third, it would be valuable if outcomes were 
more uniformly reported to enable comparison across conditions. We therefore 
suggest that trials also express their results in ICERs based on QALYs, and include 
CEACs to present uncertainty analyses. Fourth, it seems imperative that research-

additional QALY. The sensitivity analyses confirmed robustness of results, but the 
results were not visualized in a CEAC. The authors concluded that the long-term 
improvements in clinical outcomes and QALYs provide good value for this inter-
vention. 

Elliott et al. [27] evaluated telephone calls by community pharmacists with treat-
ment-as-usual of multiple illnesses. The intervention group showed statistically 
significant improvements in self-reported adherence. Clinical outcomes and QOL 
were not taken into account. Costs were lower for the intervention group. The 
generated ICER revealed that each additional adherent patient delivered £2,168. 
The authors concluded that the intervention can reduce non-adherence and is 
cost-saving (intervention was dominant, which was confirmed by the conducted 
CEAC). Limitations were placed regarding the study power, and sustainability of 
results (i.e., a follow-up period of two months was chosen). 

Keeler et al. [31] compared outpatient geriatric assessment with an intervention 
to increase adherence to treatment-as-usual. Adherence was not measured. The 
intervention reduced physical functioning compared to treatment-as-usual, result-
ing in an ICER of $97 per unit improvement on a physical functioning scale. QOL 
was higher and costs were lower for the intervention participants compared to 
control participants. However, effectiveness outcomes were not statistically test-
ed. An ICER of $26,500 per QALY was reported. Trial results were modeled to a 
time horizon of 60 months, resulting in an ICER of $10,600 per QALY. Uncertainty 
analyses were not conducted. The authors concluded that, although improve-
ments in clinical outcomes and QOL in the intervention group, we must question 
whether these gains outweigh the costs associated with this intervention.

In sum, three studies focused on other conditions. Two interventions were more 
costly and more effective than treatment-as-usual [28,31], and one intervention 
was dominant [27]. Two interventions showed an ICER below the threshold de-
fined by the authors [28,31]. The other study reported an ICER based on adherence 
outcomes [28]. 

Overall, 11 studies examined interventions that were considered more effective 
and more costly than treatment-as-usual [24-26,28,29,31,33-37], and three were 
dominant [27,30,32]. Four studies showed an ICER below the threshold of willing-
ness-to-pay as defined by the authors [26,28,31,32]. The ICERs of two of these four 
studies were robust to parameter uncertainty [28,32]. In addition, both economic 
evaluations scored ‘high’ on methodological quality, and the risk of bias for these 
studies was considered low to moderate (i.e., one study scored ‘high risk’ of per-
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Table 4 | Study Outcomes (Intervention vs. Control group)

Authors Adherence outcomes Clinical outcomes Quality of life Costs ICERs

Bolton et al. [24] N/A 16 vs. 39 emergency room visits, p = 0.0005; 161 
vs. 246 days of limited activity, p = 0.04

N/A $2,936 vs. $4,849, p = 0.10 N/A

Hederos et al. [30] 8% vs. 30% adherence (verified poor self-re-
ported taking adherence: index <50), p = 0.015

2.1 vs. 3.9 exacerbation days during the past 6 
months, p = 0.05

N/A 42.5 gained working days in interven-
tion group

N/A

Windsor et al. [37] 44% vs. 2% improvement in adherence N/A N/A $243.68 vs. $96.09 N/A

Khdour et al. [32] 77.8% vs. 60.0% of the patients reported high 
adherence scores (Morisky scale: score of 0 or 
1= high on a scale of 0 to 4), p = 0.019

N/A 0.491 vs. 0.437 QALYs. Mean differential 
difference = 0.065 QALYs, p = 0.051

£1,240 vs. £1,911, p = 0.065 Pharmacy led education and self-man-
agement program dominant (proba-
bility of being cost-effective was 95% 
using a £20,000/QALY threshold)

Bosmans et al. [25] 88% vs. 86% taking adherence, p = non-sig-
nificant.

2.9 vs. 3.1 Depression Symptom Checklist (SCL) 
score, p = non-significant

N/A €3,275 vs. €2,961, p = non-significant €149 per 1% adherence improvement; 
€2,550 per point improvement in SCL 
score 

Von Knorring et 
al. [35]

40.5% of the patients is adherent (mean for all 
groups), p = non-significant

71.0% (CP) vs. 60.5% (CG) response rate (50% 
reduction in depression score, p = 0.014; 68.1% 
(TDM) vs. 60.5% (CG) response rate, p = 0.14

Baseline Quality of life (for all groups): 
0.61 and follow-up Quality of life (for all 
groups): 0.77, p = non-significant

Thousands of Swedish Kroner 
(KSEK) 383 vs. KSEK 355 vs. KSEK 
350, p = non-significant

N/A

Von Korff et al. [36] 75.5% vs. 50.0.% adherence, p < 0.01 0.744 vs. 0.438 proportion of patients with major 
depression successfully treated; 0.600 vs. 0.679 
proportion of patients with minor depression 
successfully treated

N/A $1,337 vs. $1,298 per patient with 
major depression treated success-
fully; $1,182 vs. $1,045 per patient 
with minor depression treated 
successfully 

$1,592 per patient with major 
depression treated successfully; 
treatment-as-usual dominant in minor 
depression group

Healey et al. [29] before, 3.7 vs. 4.1; after, 5.5 vs. 4.3 (7-point 
rating scale)

Effective in improving functioning and commu-
nity survival

N/A £175 vs. £193, p = 0.920 N/A

Brunenberg et al. 
[26]

N/A 53.7% vs. 50.6% of patients with Normalized 
Blood Pressure (NBP), p = non-significant

0.330 vs. 0.327 QALYs, p = non-signif-
icant

€1,573 vs. €1,56, p = non-significant €15 per additional patient with NBP; 
€15,556 /QALY

Schroeder et al. [34] Timing adherence, dosing adherence, taking 
adherence, p = non-significant

Blood pressure, p = non-significant N/A £6.60 vs. £5.08 N/A

Murray et al. [33] Refill adherence, p = 0.007 (taking and timing 
adherence were non-significant)

Intervention group had 19.4% fewer exacerba-
tions, p = significant

0.39 vs. 0.24 Disease specific Quality of 
life improvement, p = non-significant

$11,239 vs. $14,199, p = non-signif-
icant

N/A

Keeler et al. [31] N/A The intervention was estimated to reduce the 
decline in the physical functioning scale by 4.69 
units

The intervention resulted in a change 
of 0.014 QALYs vs. control group (15 
months follow-up); and 0.07 increase in 
QALYs (modeled to 5 years)

The intervention was $457 more 
costly (during 15 months interven-
tion period); The intervention was 
$746 more costly (during modeled 
5 years)

$97 per unit improvement on physical 
functioning scale; $10,600 per QALY 
over 60 months period; $26,500 per 
QALY over 15 months period

Freedberg et al. [28] N/A 44% vs. 27% viral suppression, p = non-signif-
icant

100.9 vs. 94.5 QALMs (Quality Adjusted 
Life Months)

$261,300 vs. $253,800 $14,100 / QALY

Elliott et al. [27] 11% vs. 19% of patients non-adherent, p < 0.05 N/A N/A £187.7 vs. £282.8, p < 0.00001 N/A
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perimentally demonstrating that adherence programs can indeed have a relevant 
societal impact, should be a priority for the field. Finally, the quality of trials needs 
to be improved in order to comprehensively assess whether adherence interven-
tions can be cost-effective. The high-quality short-term trial data could serve as 
input for models to make reliable predictions of long-term intervention effects.

ers pay more attention to the description of the intervention, to allow others to 
replicate and implement successful programs [46]. Also important is a proper 
descriptions of ‘usual/standard’ adherence care that control groups receive, 
since the quality and effectiveness of standard care is likely to vary considerably 
between clinics [38,39,47]. Besides that the quality of standard care can influence 
effect sizes, it is key for readers to understand against what the intervention was 
compared to estimate whether similar effects can be expected in their setting. 
Finally, since health economics is also concerned with societal benefits, we think 
that an economic evaluation should include - whenever appropriate and possible 
- the impact of an intervention on society. Using a societal perspective facilitates 
policy makers in comparing programs based on comprehensive information 
[21,22].

Although these recommendations seem straightforward, conducting large-scale 
and realistic studies with a low risk of bias is a challenge, particularly in behavioral 
trials where blinding is almost impossible [45]. Moreover, we encountered several 
potentially important issues regarding the optimal design of a cost-effectiveness 
evaluation for adherence trials, which may further complicate the conduct of 
high-quality trials, namely (a) What is the appropriate time horizon for capturing 
all relevant economic consequences of improved adherence?; (b) What effects can 
we expect of improved adherence on productivity and QOL measures?; (c) How 
does this vary between and within diseases, depending for example on disease 
severity?; (d) What is an appropriate sample size (computation) for detecting 
changes in economic variables and QOL as a consequence of adherence pro-
grams? Research in these areas seems key to advancing the quality and useful-
ness of cost-effectiveness evaluations of adherence interventions. 

The present review has several limitations. Due to heterogeneity of outcome 
measures, follow-up periods (short-term versus long-term versus modeled data), 
and perspectives, results could not be pooled. As a result of the relatively limited 
number of included studies, it was also not possible to conduct subgroup anal-
yses to investigate the impact of program format (i.e., face-to-face counseling, 
telephone counseling, group counseling, or a mix) or participant characteristics 
(e.g. age, gender, or ethnicity) on the cost-effectiveness of interventions. Addition-
aly, because we only included RCTs, evidence from observational studies was not 
included here.

To conclude, despite numerous claims that improving adherence could lead to 
substantial reduction in health care spending [11-13], the current review does not 
provide convincing support for this after examining the available experimental 
evidence. Whereas several promising trials have been identified, we think that ex-
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T Background

Non-adherence to HIV-treatment can 
have a negative impact on patients’ 
treatment success rates, quality of life, 
infectiousness, and life expectancy. Few 
adherence interventions have shown 
positive effects on adherence and/or 
virologic outcomes. The theory- and 
evidence-based Adherence Improving 
self-Management Strategy (AIMS) is 
an intervention that has been demon-
strated to improve adherence and viral 
suppression rates in a randomized con-
trolled trial (RCT). However, evidence 
of its cost-effectiveness is lacking. Fol-
lowing a recent review suggesting that 
cost-effectiveness evaluations of adher-
ence interventions for chronic diseases 
are rare, and that the methodology of 
such evaluations is poorly described in 
the literature, this manuscript presents 
the study protocol for a multi-center 
trial evaluating the effectiveness and 
cost-effectiveness of AIMS among a 
heterogeneous sample of patients.

Methods/Design
The study uses a multi-center RCT 
design to compare the AIMS inter-
vention to treatment-as-usual from a 
societal perspective. Embedded in this 
RCT is a trial-based and model-based 
economic evaluation. A planned num-
ber of 230 HIV-infected patients are 
randomized to receive either AIMS or 
treatment-as-usual. The relevant out-
comes include changes in adherence, 
plasma viral load, quality of life, and 
societal costs. The time horizon for the 
trial-based economic evaluation is 12-15 

months. Costs and effects are extrapo-
lated to a lifetime horizon for the mod-
el-based economic evaluation.

Discussion
The present multi-center RCT is de-
signed to provide sound methodologi-
cal evidence regarding the effectiveness 
and cost-effectiveness of a nurse-based 
counseling intervention (AIMS) to 
support treatment adherence among 
a large and heterogeneous sample 
of HIV-infected patients in the Neth-
erlands. The objective of the current 
paper is to describe the trial protocol in 
sufficient detail to allow full evaluation 
of the quality of the study design. It is 
anticipated that, if proven cost-effec-
tive, AIMS can contribute to improved 
evidence-based counseling guidelines 
for HIV-nurses and other health care 
professionals.

Trial Registration
The study has been registered on clini-
caltrials.gov (Identifier: NCT01429142).

Background

In patients infected with HIV, viral replication can be effectively suppressed with 
combination Antiretroviral Therapy (cART), allowing the body’s immune system 
to restore and function adequately [1]. Other primary outcomes of HIV treatment 
are improved patient health, life expectancy, and quality of life (QOL) [2]. More-
over, HIV transmission risks are reduced substantially in patients with lower viral 
loads, which is beneficial from a public health perspective [3-5]. Although full viral 
suppression can be achieved by (some) patients with lower adherence levels (70-
90%) [6-8], it is generally recommended that patients take at least 90-95% of their 
medication for long-term suppression of viral replication, to minimize the risk of 
developing viral resistance [9-11]. Meta-analyses have shown that the quality of ad-
herence support delivered by health care professionals during treatment-as-usual 
is key to achieving adequate adherence levels and viral suppression [12,13]. Hence, 
in addition to the advances in the available ARVs, high-quality adherence support 
is a cornerstone of the major advances made in improving the lives of people liv-
ing with HIV, and slowing down the spread of (resistant) HIV.

Non-adherence is associated with lower quality of life, morbidity, mortality, avoid-
able productivity losses, and health care costs [14-17]. In spite of the fact that 
many HIV-clinics may currently offer high-quality ‘usual adherence care’, achiev-
ing and/or sustaining high levels of adherence remains a challenge to a substan-
tial number of patients [12]. Hence, specially developed adherence interventions 
can still make a relevant contribution, even in settings that already offer high-qual-
ity usual adherence care [18]. 

Numerous HIV-treatment adherence interventions have been developed and 
evaluated [12,13,19-24]. For interventions to be assessed as effective, they have 
to be superior to the treatment-as-usual already provided in the clinic where the 
intervention is studied [12,13]. Intervention programs also need to be well-accept-
ed by patients and clinicians, and tailored to the capacity of the clinics delivering 
HIV-care in order to be sustainable [25]. Ideally, interventions should also provide 
proof of cost-effectiveness among a representative sample of patients and clinics 
before they are implemented in routine practices [26,27]. 

A recent systematic review of cost-effectiveness evaluations of adherence inter-
ventions among patients with other chronic conditions included 13 randomized 
controlled trials (RCTs) [28]. Only one trial evaluated cost-effectiveness of an 
adherence intervention among patients treated for HIV [29]. The objective of this 
review was to critically assess the trials with the Cochrane risk of bias tool and 

Cost-Effectiveness of a Nurse-Based Intervention (AIMS) to Improve Adherence among HIV-Infected Patients



60 61

the Drummond checklist for the quality of economic evaluations, and examine 
cost-effectiveness outcomes [30,31]. Risk of bias varied considerably between 
trials. Moreover, a key issue was the lack of (accurate) reporting of the relevant 
research methodology: for example, in 24% of the cases the Cochrane bias score 
could not be directly coded (‘Unknown’). Regarding the quality of cost-effective-
ness evaluations, an average of 44% of required elements for a sound economic 
evaluation were reported. However, it was often not clear from the articles wheth-
er elements were merely not reported or not performed. The authors therefore 
concluded that, amongst others, cost-effectiveness evaluations of future adher-
ence trials should be more comprehensive, and that trial reports should improve 
to allow more detailed evaluations of their methodology. Publishing the full study 
protocols that specify the objectives, study design, primary outcome measures, 
and analysis strategy is therefore key. The objective of the current paper is to de-
scribe a trial protocol of a cost-effectiveness evaluation of an HIV-adherence inter-
vention that reports the information required to fully evaluate the study design.

The Adherence Improving self-Management Strategy (AIMS)
One of the few adherence interventions that showed positive effects on both 
adherence and clinical outcomes (in this case, undetectable HIV loads) is the 
Adherence Improving self-Management Strategy (AIMS) [18,32]. This intervention 
has been designed by behavioral scientists and clinical staff, and was then adapt-
ed based on patient feedback [18,32]. Central to AIMS is electronic adherence 
monitoring with MEMS-caps (MWV Healthcare). MEMS-caps are electronic pill 
caps that register date and time of pill bottle opening. The data obtained via the 
MEMS-caps can be printed in simple but comprehensive plots that show medi-
cation intake patterns over long time-periods, allowing for a detailed analysis of 
adherence barriers and potential solutions to deal with these for each individual 
patient. Discussion of MEMS-data has been combined with HIV-nurses’ usual 
adherence support practices, and enhanced with motivational and self-manage-
ment techniques [32]. During a pilot-study and a RCT, both health care profession-
als and patients evaluated AIMS positively. Moreover, AIMS has been shown to 
enhance adherence and viral suppression rates among 133 patients in a 9-months 
RCT [18]. Upon request of the health care professionals, who wanted to first mas-
ter the counseling intervention before applying it in - for them - more challeng-
ing populations or circumstances, the trial was set up in two stages. In the first 
stage, only Caucasian patients were included, and patients with untreated drug 
addictions or untreated severe mental illness were not approached. In the second 
stage, these restrictions would be removed. Unfortunately, slower than anticipat-
ed inclusion rates, changes in the nursing team, and lack of budget prevented 
progression to stage two. In addition, the trial did not include a cost-effectiveness 

evaluation. For these reasons we decided to seek additional funding to conduct an 
economic evaluation of the AIMS intervention among a heterogeneous sample of 
patients. The present manuscript describes the study protocol and the rationale 
behind the design choices.

Methods/design

The study was primarily designed by the core team of the current project, consist-
ing of three behavioral scientists (authors MdB, JM, and HS), an infectiologist 
(author JP), a nurse practitioner (author HEN), a health economist (author SE), 
and three statisticians (authors WV, LG, and ET). The team made decisions on 
the study design and outcome measures regarding the effect- and economic eval-
uations. After recruitment of seven HIV-clinics for collaboration in the present 
multi-center clinical trial, infectiologists and HIV-nurses from these clinics were 
visited twice to provide them with details regarding the proposed study design. 
During these meetings, members from the collaborating HIV-clinics were invited 
to provide feedback on inclusion criteria and study procedures. This input result-
ed in various improvements in the project design and was expected to result in 
more commitment to the project from the participating clinics. 

The study has been approved by the ethics committees of the Academic Medical 
Center Amsterdam, the Netherlands, and of each participating center, and regis-
tered on clinicaltrials.gov (Identifier: NCT01429142) prior to study start.

Research Questions
The overarching research questions addressed by this project are:

Effectiveness evaluation
1. What are the effects of the AIMS-intervention in comparison with treat-

ment-as-usual with respect to changes in plasma viral load (primary outcome) 
and adherence (secondary outcome)?

Economic evaluation
2. From a societal perspective, is the AIMS-intervention, in comparison with 

treatment-as-usual, preferable in terms of costs, effects, and utilities? (tri-
al-based economic evaluation)

3. What is the incremental cost-effectiveness ratio (ICER) of the AIMS-interven-
tion in comparison with treatment-as-usual? (trial-based economic evaluation)
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4. In comparison with treatment-as-usual, is the AIMS-intervention preferable in 
terms of costs and utilities during the remaining life expectancy of the study 
population? (model-based economic evaluation)

Design
The study uses a multi-center RCT design. Participants are randomized to either 
the AIMS-intervention or to treatment-as-usual. The trial flow and randomization 
procedures are shown graphically in Figure 1 (for treatment-experienced patients) 
and in Figure 2 (for treatment-initiating patients). Embedded in this RCT are a 
trial-based economic evaluation and a modeling study to investigate the cost-ef-
fectiveness and cost-utility of the AIMS-intervention versus treatment-as-usual.

Participants Selection and Inclusion Criteria
The study focus was initially on treatment-experienced patients (as was the case 
in the previous studies), but after visiting the participating clinics for their input 
on the study protocol, the decision was made to also include treatment-initiating 
patients. The major arguments for facilitating this change was that (a) it increases 
representativeness of the study sample, and (b) substantial gains can be made 
in treatment-effectiveness in the first year of the treatment by enhancing involve-
ment in care and adherence to treatment (i.e., about 75% of the patients who 
started medication achieve the treatment objective of a plasma viral load con-
centration of 50 copies/ml or less within 9 months; Monitoring Report 2012 p68, 
http://www.hiv-monitoring.nl/index.php/nederlands/.

Given that the majority of the treatment-experienced patients adhere very well to 
the treatment and have a suppressed viral load [18], two selection criteria were 
developed to select those patients who are more likely to benefit from the inter-
vention. A first selection was that only those patients who had a detectable viral 
load in the past 3 years (with the count starting after the first 9 months of treat-
ment to allow them to achieve an undetectable viral load) are asked to participate 
in a baseline adherence monitoring stage. After a minimum of 2 months baseline 
adherence monitoring period (long enough for any measurement effect on ad-
herence to dissipate) [18,32], only the patients with suboptimal adherence during 
baseline are randomized. The data used to determine these cut-off points come 
from the Stichting HIV Monitoring (detectable viral load in the previous 3 years) 
and the prior RCT (suboptimal adherence) [18]. 

Stichting HIV Monitoring collects anonymous routine clinical data from all HIV 
patients in clinical care in the Netherlands. Using this database, the probability of 
a viral load measurement of 50 copies or more during one year of follow-up was 

estimated as a function of the time since patients’ last detectable viral load prior 
to the one year follow-up period (N = 4,440). The analyses showed that the more 
recent patients had a detectable viral load ≥50 copies/ml prior to the 12-month 
follow-up, the larger the probability that they would have a detectable viral load 
during the 12 month follow-up (unpublished data). Based on these analyses, we 
decided that a meaningful cut-off was to include patients who had a detectable 
viral load ≥50 copies/ml in the past 3 years. Regarding adherence, secondary anal-
ysis of the baseline data from the prior RCT were used to identify the most mean-
ingful cut-off. These analyses revealed that for a BID regimen a cut-off of 95% 
adherence predicted the next viral load (detectable-undetectable) best, and for a 
QD regimen this was 99%. The difference between QD and BID can be explained 
based on the duration of drug action versus the probability of patients skipping 
one or multiple doses sequentially [33]. Hence, treatment experienced patients 
with a detectable viral load during the last 3 years (after the first 9 months of treat-
ment) were selected initially, and from those patients with suboptimal adherence 
(≤ 95% for BID or < 100% for QD) during the baseline assessment are included 
and randomized.

Besides the inclusion criteria as described above for treatment-experienced pa-
tients, treatment-initiating patients were eligible for participation without any 
inclusion criteria. The exclusion criteria for both treatment-experienced and treat-
ment-initiating patients are: (1) age <18 years, (2) severe psychiatric disorders 
precluding compliance with study procedures, (3) pregnancy, (4) plan to interrupt 
treatment or change clinics in the next fourteen months, (5) life expectancy less 
than one year as determined by physician, (6) not able to communicate with 
health care professionals without an interpreter, (7) not taking medication auton-
omously. 

Recruitment
Participants are recruited from seven HIV-clinics in the Netherlands: The Academ-
ic Medical Center Amsterdam, the Leiden University Medical Center Leiden, the 
Erasmus Medical Center Rotterdam, the Slotervaart hospital Amsterdam, the St. 
Lucas-Andreas hospital Amsterdam, the Isala clinics Zwolle, and the HAGA hos-
pital The Hague. The first three are academic hospitals and the other are non-ac-
ademic hospitals. In total these centers have approximately 5,500 patients in care 
and each year about 350-400 patients initiate treatment. 

Estimates of recruitment rates were based on Stichting HIV Monitoring data and 
the prior RCT [18]. About 50-60% (i.e., 3,000) of the 5,500 treatment-experienced 
patients in the eligible clinic were estimated to either have a detectable viral load 
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in the last 3 years or to have a detectable viral load during the study inclusion 
period. Assuming a 50% refusal rate and 50% of the patients to have excellent 
adherence [18], this leaves a sample of 1,500/2 = 750 potential treatment-expe-
rienced study participants for randomization. The planned recruitment period 
was 16 months, based on the recruitment rates in the prior RCT. Due to various 
external influences during the start-up of the project (e.g., a large clinic had a per-
sonnel shortage and started a year later), the inclusion period was extended to 22 
months.

The HIV-nurses in the clinics manage recruitment. During routine clinical visits, 
they approach eligible patients and inform them verbally about the content and 
objectives of the project. These objectives were formulated in terms of ‘improving 
the quality of care’ rather than ‘improving adherence’, in an attempt to cover up 
the specific study hypotheses. Patients are also given the information in writing 
and the standard 2-week period for deciding on study participation according to 
the Dutch ethical guidelines. Patients are at liberty to decide to start immediately, 
knowing they can withdraw at any time without any consequences for their treat-
ment.

Sample Size
During the initial grant application, a sample size was computed based on the 
assumption that only non-adherent, treatment-experienced patients would be 
approached. However, following the input from participating clinics, the final 
inclusion and exclusion criteria were formulated as explained above. An updated 
sample size computation was done after inclusion had been initiated, which was 
submitted to (date: 27th February, 2013) and accepted by (date: 15th April, 2013) the 
funder (ZonMw, the Netherlands Organization for Health Research and Develop-
ment) using actual trial data in order to enhance accuracy of the estimates (the 
expected treatment effect is the same in both computations, the other estimates 
were adjusted to match then new criteria and available data). The trial summary 
on clinicaltrials.gov includes both the initial and later the updated computations.

The sample size computation was conservatively based on assuming a dichot-
omous outcome variable (detectable versus undetecatble). A sample of 230 
randomized patients is required to obtain 80% power to detect a significant inter-
vention effect on viral load for at least one of three time points with alpha = .05 
(two-sided), using a Bonferroni correction. The sample size calculation is based 
on the following assumptions: (a) 21 nurses deliver the AIMS intervention and 
treatment-as-usual, (b) a nurse recruits on average 11 patients for the trial, (c) a 
maximum dropout rate of 10%, (d) 20% of treatment experienced-patients and all 

treatment-initiating patients have a detectable viral load at baseline, and (e) de-
pending on the nurse, (i) 60% to 80% of the patients receiving treatment-as-usu-
al achieve an undetectable viral load during follow-up, and (ii) the percentage of 
undetectable viral loads increases for patients in the intervention condition by 5 
to 20 percentage points (12.5% on average, based on the effects observed in the 
RCT). This sample size computation takes into account that baseline viral load is 
used as a covariate to enhance power, and that a multilevel model with random 
intercepts and random treatment effects at the nurse level would be used.

Randomization Procedure
Discussions with clinicians revealed that it is not desirable to randomize clinics 
(out of fear for recruitment bias) or nurses (logistically challenging, i.e. what to 
do when an intervention patient comes in and their nurse is ill, and only a control 
group nurse is present?). Hence, the decision was made to individually random-
ize patients within nurses, so that each nurse sees both intervention and control 
participants.

Experienced patients with insufficient adherence during the baseline measure-
ment and treatment-initiating patients are randomized 1:1 to either the inter-
vention or control condition. For each HIV-nurse, a random allocation scheme, 
stratified for treatment-experienced and treatment-initiating patients, is generated 
using computer-generated blocks to balance treatment and control assignments 
within nurses. The size of the blocks is random (block sizes of four, six, and eight; 
the clinicians are not made aware of this). Because of the combination of stratifi-
cation, randomly-ordered block sizes, and the control-group blinding procedure 
described in the next paragraph, it seems impossible for clinicians to predict con-
secutive treatment assignments. In practice, the randomization is fully automated 
using the web-platform MedAmigo™ .

Two additional procedures are integrated within the randomization process. First, 
the study is powered based on the primary outcome measure of viral load. Data 
from the prior RCT suggests that in order to evaluate the effects on adherence a 
smaller sample size suffices. In order to reduce the study burden for both patients 
and clinics, it was therefore decided to monitor adherence among only half of the 
control group (since MEMS-monitoring is part of the intervention, all intervention 
participants were monitored). Hence, control participants are assigned randomly 
to using the MEMS-cap or not using the MEMS-cap (control groups 1 and 2: see 
Figure 1 and 2). Second, 33% of the treatment-experienced patients with adequate 
adherence at baseline (>95% for BID and 100% for QD) are being randomized to 
the control groups in order to blind clinicians to the adherence status of control 
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participants (since non-adherence is an inclusion criterion). Naturally, the treat-
ment-experienced patients with adequate adherence at baseline are not taken into 
account for effectiveness and economic evaluation.

Intervention and Treatment-As-Usual
Although the overall intervention strategy is similar for treatment-initiating pa-
tients and treatment-experienced patients, the first intervention visit is different 
for both groups. Below, presented first is the description of the intervention as 
provided to treatment-experienced patients. Subsequently, the elements are de-
scribed that are unique for treatment-initiating patients.

The AIMS-intervention
The AIMS-intervention is a nurse-delivered, adherence-supporting intervention, 
with MEMS-data printed in simple but detailed plots to assist the counseling 
strategy. The rationale behind the intervention can be found elsewhere [18,32]. 

The intervention protocol below describes the main steps taken with those pa-
tients randomized to the intervention group after their initial two months of 
MEMS-baseline monitoring. The intervention is available on-line through the 
web-platform MedAmigo™ and can only be accessed by downloading the MEMS 
monitors for patients assigned to the intervention arm. The software used for ran-
domization is also the software that guides the HIV-nurses and patients through 
the intervention. Each of the following intervention steps is shown on a separate 
webpage:

1. The HIV nurse discusses practical, tailored information regarding adherence 
and the consequences of (non)adherence (verbally and using a simple graph).

2. The HIV nurse asks the patient to define a desired level of adherence, based 
on seven exemplar MEMS-reports varying from ‘regular and no missing dos-
es’ to ‘irregular and many missing doses’.

3. If a patient selects an insufficient level of adherence (e.g., several missing 
doses; in practice this occurs rarely), the HIV-nurse explores the reasons for 
this with the aim to motivate the patient to strife for a safe level of adherence.

4. After a patient selects the desired level of adherence, the nurse enquires 
about the patients’ personal drives and motives (e.g., ‘Why this level and not 
lower?’). 

5. The patients’ own MEMS-data (i.e., actual adherence level) is printed, and 
discrepancies between the desired (step 4) and actual adherence is dis-
cussed, appealing to the patients’ responses to Step 4 when a lack of motiva-
tion seems to be an underlying issue.

6. The HIV-nurse and patient use the MEMS-report to identify patterns of 
non-adherence (e.g., weekends or regularly returning occasions) and the 
cause of this pattern; or the reasons for the most recent occurrences of 
non-adherence if there is no obvious pattern. The patient is encouraged to 
identify solutions to deal with these problems, and the software offers suc-
cessful strategies from other patients.

7. The nurse and patient finish this session with developing an action plan for 
the next period, including an overall behavioral objective (e.g., no missed 
doses) and detailed actions for how to achieve this. If the behavior requires 
the development of a routine, if-then plans are formulated [34]. The patient is 
offered a MEMS-SMART cap, which has a display on top showing how often 
the bottle has been opened that day. This serves as a direct feedback mecha-
nism for missed doses, supporting the self-monitoring of adherence.

8. During subsequent intervention sessions, nurse and patient evaluate whether 
the action plan was successful, whether the patient has encountered difficult 
situations and how they were dealt with, followed by printing and discuss-
ing the new MEMS-report. If adherence problems remain, potential causes 
and solutions are discussed and formulated in action plans until the patient 
reaches the desired adherence level.

9. When a patient has successfully improved adherence, goals are set for the 
maintenance of behavior and to develop strategies for risk situations that may 
disrupt the new routine.

 
Adapted elements for treatment-initiating patients randomized to the intervention
Generally, two trajectories can be distinguished with respect to cART initiation. 
First, there are patients who need to start cART quickly because they are in an 
advanced stage of infection and have low CD4 cell counts. They start with primary 
PCP prophylaxis and, if they tolerate this well, cART is initiated approximately 14 
days later. The second group of patients comprise those whose HIV-infection has 
been diagnosed in an earlier stage of the disease and who have been monitored 
for some time in the clinic. Once patients approach the CD4 criteria to start cART, 
these patients are informed that it is time to initiate treatment and they are usual-
ly given (at least) a few weeks to prepare themselves. 

The adapted start-up phase of the intervention for treatment initiating patients 
consists of the following: during the preparatory visit approximately two weeks 
prior to cART initiation, the patient and nurse go through steps 1-4 of the 
AIMS-protocol. Patients are advised that finding a good routine immediately 
can be challenging, and they are therefore provided with a choice to start with a 
‘readiness period’. This readiness period means that patients are given a MEMS-
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SMART cap with their prescribed primary PCP prophylaxis (for patients with low 
CD4 count) or 14 multivitamins/vitamin C tables (for the other intervention pa-
tients) for the next 14 days, and try to follow the medication intake schedule that 
they would also use when starting with cART. Patients then return to the clinic, 
MEMS-data is downloaded and discussed with the HIV-nurse, and problems and 
successes are discussed. The main objective of this readiness period is to offer 
patients the opportunity to develop some intake routines prior to initiating cART, 
to identify and address key barriers, and it allows the patient and health care pro-
vider to examine whether the patient is really ready to start. Patients who do not 
want this practice period commence the MEMS-monitoring directly with cART.

The control group: mapping treatment-as-usual
Usual adherence care in the Netherlands is primarily delivered by HIV-nurses. In 
addition to supporting adherence, HIV-nurses may discuss patients’ sexual be-
haviors as well as their physical, social, and mental well-being. Hence, adherence 
counseling is only one of the tasks, although an important one, of HIV-nurse 
practice.

In published manuscripts of adherence interventions, the treatment-as-usual pro-
vided to control groups is typically described using just two or three words: ‘treat-
ment-as-usual’, ‘usual care’, or ‘standard care’ [12]. However, the active content 
of treatment-as-usual may vary considerably between study sites, can influence 
adherence and consequently clinical outcomes. Variability in the ‘quality’ of treat-
ment-as-usual has been shown to explain approximately 34% points of the differ-
ence in treatment success rates among control groups only [12], and influences 
the effect sizes obtained by the experimental interventions [13]. Assessing treat-
ment-as-usual and controlling for variability in treatment-as-usual in the analyses 
is therefore an important element of the current study. 

In order to determine the content of usual adherence care, all HIV-nurses are 
asked to fill out a semi-structured questionnaire with nine open questions cov-
ering the major categories of adherence support counseling [12]. The question-
naire explores the adherence care that nurses systematically deliver to all of their 
patients (i.e., nurses’ treatment-as-usual). The reported activities are then coded 
using a taxonomy of behavior change techniques, previously used to reliably code 
intervention and treatment-as-usual content in meta-analyses of adherence inter-
ventions (the taxonomy is available at http://www.marijndebruin.eu/Meta/HIVad-
herence/Taxonomy) [12,13]. The questionnaire is completed at baseline (prior to 
the nurses’ training in the AIMS intervention) and after study completion.

Measures and Flow of Treatment-Experienced Patients
The design and measures are graphically displayed in Figure 1 and in Table 1.
T= -1 (recruitment): The HIV-nurses approach eligible patients and inform them 
verbally and in writing about the content and objectives of the project and tasks 
per treatment arm. If approached patients refuse to participate, reason(s) are not-
ed. Consenting patients commence with a 2-month baseline MEMS-monitoring 
period. 

T=0 (randomization): After the baseline monitoring period, patients with adequate 
adherence (100% QD, >95% BID) who are not assigned to control group 1 or 2 
are shown their MEMS-results, and then excluded from further study procedures. 
Those with suboptimal adherence are randomized to the intervention group, to 
control group 1 (with MEMS-monitoring) or control group 2 (without MEMS-mon-
itoring). Patients receive information on the further study procedures and also 
complete Questionnaire 1: QOL (SF-12v2), Health Care Consumption (HCC), and 
demographic characteristics. Patients assigned to the intervention group receive 
a MEMS-cap or a MEMS-SMART cap (optional) plus the AIMS-intervention, and 
continue using the MEMS-cap during the next 4-5 months. Patients assigned to 
control group 1 are asked to use the MEMS-cap at least 2 months prior to the fol-
lowing visit (without seeing the data). Patients assigned to control group 2 hand in 
the MEMS-cap now and continue receiving treatment-as-usual. 

T=1: 4-5 months after randomization (depending on their usual visit interval) pa-
tients return for the next visit. The intervention group receives AIMS. All patients 
fill out Questionnaire 2 (HCC + SF-12v2). Patients assigned to the intervention 
group are asked to continue using the MEMS-cap at least during the 2 months 
prior to the following visit (T=2).

T=2: 8-10 months later (depending on their usual visit interval) patients return for 
the next visit. The intervention group receives AIMS. All patients fill out Question-
naire 3 (HCC + SF-12v2). Patients assigned to the intervention group and control 
group 1 continue using the MEMS-cap at least during the 2 months prior to the 
following visit (T=3). 

T=3: The visit at month 12-15 after randomization is focused on completing trial 
participation. Patients in the intervention group receive AIMS and are offered the 
opportunity to continue using the MEMS-(SMART) cap and AIMS. Patients in con-
trol group 1 may decide to continue using the MEMS-(SMART) cap and are offered 
to receive AIMS during the next non-study visit. All patients fill out Questionnaire 
4 (SF-12v2, HCC, demographic characteristics).
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Figure 1 | Trial flow for treatment-experienced patients

Measures and Flow of Treatment-Initiating Patients
The design and measures are graphically displayed in Figure 2 and in Table 1. 
There are a few differences compared with the procedures described for the treat-
ment-experienced patients. Patients visit the clinic at inclusion and randomization 
(T=0), at 2-4 weeks (T=1), 3-4 months (T=2), 6-7 months (T=3), 9-10 months 
(T=4), and at 12-15 months (T=5).

T=0 (recruitment and randomization): The HIV-nurses approach eligible patients 
and inform them verbally and in writing about the content and objectives of the 
project, and the tasks depending on the arm of the assignment. If approached pa-
tients refuse to participate, reason(s) are noted. Consenting patients are random-

ized. Patients complete Questionnaire 1 (SF-12v2, HCC, demographic characteris-
tics) at treatment initiation. Those randomized to the intervention group receive 
the MEMS-SMART cap and commence the AIMS start-up protocol, or start direct-
ly with cART. Those randomized to control group 1 or 2 follow treatment-as-usual 
procedures.

T=1-T=5: At T=2, T=3, and T=4, they complete Questionnaire 2, 3, and 4 (HCC + 
SF-12v2). At T=5, they receive Questionnaire 5 (SF-12v2, HCC, demographic char-
acteristics). Patients assigned to the intervention group and starting with cART 
continue using the MEMS-SMART cap and receive AIMS support up to month 3-4 
(T=2). During the next two periods (up to T=3 and T=4) patients assigned to the 
intervention group continue using the MEMS-cap at least during the last month 
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n=50%

Intervention
+ 4 months MEMS

Intervention
+ >2 months MEMS

Intervention
+ >2 months MEMS

End of follow-up

Control group 1
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Treatment-As-Usual

Treatment-As-Usual
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End of follow-up

Control group 2
n=25%

Treatment-As-Usual

Treatment-As-Usual

Treatment-As-Usual

End of follow-up

Randomization
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T=0

Month 0

T=1
Month 4-5

T=2
Month 8-10

T=3
Month 12-15
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+ >1 month MEMS
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+ 1 month MEMS
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End of follow-up

Control group 1
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Treatment-As-Usual
+ 3 months MEMS

Treatment-As-Usual

Treatment-As-Usual
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End of follow-up
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Treatment-As-Usual

Treatment-As-Usual

Treatment-As-Usual

Treatment-As-Usual

Treatment-As-Usual

End of follow-up
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Recruitment and
Randomization

T=0

Month 0

T=1
Month 1

T=2
Month 3-4

T=3
Month 6-7
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Month 9-10

T=5
Month 12-15

Figure 2 | Trial flow for treatment-initiating patients
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prior to the following visit. The last 3-4 months of the study (from T=4 to T=5) is 
a follow-up period and intervention patients are required to use the MEMS-cap 
during at least 2 months prior to the follow-up visit. Patients in control group 1 
(controls with MEMS) are asked to use the MEMS-cap during the first 3-4 months 
of cART (up to T=2) and during the last two months of the follow-up period (be-
fore T=5). Patients in control group 2 do not use the MEMS-cap.

Table 1 | Overview of Measurements per Time Point Separate for Treatment-Experienced and 

Treatment-Initiating Patients

Treatment-experienced patients T=-1 T=0 T=1 T=2 T=3

Demographic characteristics x x

Plasma viral load x x x x

Health care consumption (HCC) x x x x

Quality of life (SF-12v2) x x x x

Adherence (MEMS-data) a xb x x x x

Treatment-initiating patients T=0 T=1 T=2 T=3 T=4 T=5

Demographic characteristics x x

Plasma viral load x x x x x

Health care consumption (HCC) x x x x x

Quality of life (SF-12v2) x x x x x

Adherence (MEMS-data)a xb x x x x x

a  MEMS-use varies per treatment arm. For specific details regarding MEMS-use, see ‘measurements and 
patient flow’ section in text and figures 1 and 2.

b  Start of MEMS-measurement.

Analyses 

Research question 1) Effectiveness evaluation
The proportion of patients with an undetectable viral load (<20, <25, <40, or <75 
copies/ml, depending on the clinic’s viral load testing kit) is calculated along with 
corresponding 95% CIs for three time points (for treatment-experienced patients: 

T1, T2, and T3; for treatment-initiating patients: T3, T4, and T5) after the baseline 
for the intervention and control groups, respectively, and plotted as a function of 
time. Next, a repeated-measures multilevel analysis is conducted with viral load 
status (undetectable/detectable) at the 3 measurement points as the dependent 
variable and group membership (intervention/control 1 and 2 together) as the in-
dependent variable. The nesting of patients within nurses is accounted for in the 
model by allowing the (log) odds of an undetectable viral load to vary randomly 
among nurses. Differences in treatment effectiveness among nurses will be ac-
counted for in the model by inclusion of a corresponding random effect. Depend-
ing on the distribution of the outcome, we select the most appropriate model for 
analyses (i.e. regression analyses with log viral loads, or logistic regression with 
detectable/undetectable).

For the full sample, the adherence level during the first two months of the inter-
vention and the last two months of the follow-up period as measured with the 
MEMS-caps is examined in two separate multilevel model including group mem-
bership (intervention or control group 1) as the independent variable, and includ-
ing treatment stage (treatment-experienced or treatment-initiating) as a covariate 
in the model. We intend to explore whether repeated measures analyses are 
possible, although this is complicated by the absence of baseline adherence for 
treatment-initiating patients (so only two repeated measures) and the multi-level 
design.

Research question 2 and 3) Trial-based economic evaluation
The objective of the economic evaluation study is to examine whether the delivery 
of AIMS-intervention compared to care as usual is preferable in terms of costs, 
effects, and utilities from a societal perspective. The time horizon is the same as 
the study duration after the AIMS-intervention is initiated (12-15 months).

This economic evaluation involves a combination of a cost-effectiveness analysis 
(CEA) and a cost-utility analysis (CUA). In a CEA, effects are presented in be-
havioral (adherence) and clinical (plasma viral load) outcomes. In the CEA, the 
incremental cost-effectiveness ratio (ICER) is expressed as the incremental costs 
per percentage of patients with detectable viral load. A brief health care utilization 
questionnaire (HCC) is used aimed at identifying all relevant direct and indirect 
cost aspects (e.g., intervention costs, health care costs, patient costs, and costs 
outside the health care sector). The valuation of health care and patient costs is 
based on the updated Dutch manual for cost analysis in healthcare research [35]. 
Costs of medication are calculated using prices based on Daily Defined Dosage 
(DDD) taken from the Dutch Pharmacotherapeutic Compass. Productivity costs 
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are calculated by means of the friction cost method. Registrations from nurses 
are used to calculate the time spend on the intervention each consultation. The 
primary outcome measures for the cost-utility analysis are QALYs, based on the 
SF-12v2 utility scores [36,37]. In the CUA, the ICER is expressed as the incremental 
costs per QALY. To demonstrate the robustness (checked by non-parametric boot-
strapping) of our base-case findings a multi-way sensitivity analysis is performed 
(e.g., by varying cost-prices and volumes between minimum and maximum). The 
bootstrapped cost-effectiveness ratios are plotted in a cost-effectiveness plane. 
The bootstrapped ICERs are also depicted in a cost-effectiveness acceptability 
curve showing the probability that the AIMS intervention is cost-effective using a 
range of ceiling ratios. 

Research question 4) Model-based economic evaluation
The time horizon of the Cost-Utility Analysis (CUA) is extrapolated towards the 
remaining life expectancy of the study population. The CUA is of major impor-
tance since the impact of AIMS on viral load, costs, and QOL reaches beyond the 
12-month study period of the RCT. A Markov Monte Carlo decision analytic model 
is developed to calculate lifetime incremental costs and incremental QALYs of 
AIMS in comparison with treatment-as-usual. The model combines the results of 
the clinical study and data from the medical literature. In the modeling study we 
also perform probabilistic sensitivity analysis to test parameter uncertainty and to 
construct cost-effectiveness acceptability curves. Future costs and effects are dis-
counted according to the Dutch guidelines for cost calculations in health care [35]. 

Discussion

The theory- and evidence-based Adherence Improving self-Management Strategy 
(AIMS) is a nurse-based intervention that has been demonstrated to improve 
adherence and viral suppression rates in a RCT [18]. However, evidence on its 
cost-effectiveness is lacking. Following a recent review suggesting that cost-effec-
tiveness evaluations of adherence interventions for chronic diseases are rare and 
that their methodology is poorly described in the literature, this manuscript pres-
ents the study protocol for the economic evaluation of AIMS.

The present multi-center RCT is designed to provide sound methodological evi-
dence regarding the effectiveness and cost-effectiveness of AIMS to support treat-
ment adherence among a large and heterogeneous sample of HIV-infected pa-
tients in the Netherlands. The objective of the current paper is to describe the trial 
protocol of the cost-effectiveness evaluation of the AIMS-intervention that reports 

the information required to fully evaluate the study design on methodological 
quality. Comprehensiveness of evidence should be optimal to guide implementa-
tion decisions efficiently. The AIMS-study is therefore designed to be consistent 
with the Drummond checklist, Cochrane guidelines, and CONSORT guidelines for 
trial reporting [30,31,38]. 

A large part of behavior change counseling in daily practice is offered by nurs-
es. Despite that they can offer high-quality adherence support, there is rarely 
high-quality evidence available in support of this important work. We hope that 
the AIMS-study can contribute to this evidence-base by demonstrating the effi-
ciency of adherence counseling by well-trained nurses. We realize, however, that 
the practical value will eventually depend on the success of wide-scale implemen-
tation and continuation of AIMS. We therefore expect, in case of proven cost-ef-
fectiveness, to develop a dissemination project with the relevant stakeholders and 
to use the results of this study for advancing adherence care guidelines.
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A
B

S
T

R
A

C
T Health care interventions are increas-

ingly expected to improve subjective 
well-being (SWB) rather than health-re-
lated quality of life (HRQOL) only. 
However, little is known about how 
HRQOL and other relevant quality 
of life (QOL) domains relate to SWB 
among people living with HIV. Peo-
ple living with HIV treated in Dutch 
HIV centers (N = 191) completed 
a cross-sectional survey on SWB, 
HRQOL, and other QOL domains (so-
cial, financial, sexual, and environmen-
tal well-being). In bivariate analyses, all 
QOL domains were significantly related 
to SWB (r = .17 to .42). In structural 
equation models, physical health (β = 
.14; p < .05), mental health (β = .27; p 
< .01), and environmental well-being (β 
= .41; p < .01) directly predicted SWB, 
while financial and social well-being ex-
plained SWB indirectly. Thus, environ-
mental well-being and mental health 
are the main predictors of SWB, and 
physical health, social well-being, and 
financial well-being to a lesser extent. 
Given that most of HIV-care is directed 
at improving physical health, from the 
perspective of promoting SWB HIV 
care should also be directed at other 
life domains. 

Introduction

The introduction of combination Antiretroviral Therapy (cART) in 1996 has trans-
formed HIV into a chronic, manageable condition. Despite significant reductions 
in treatment burden since then (simpler regimen with less side effects), living with 
HIV can still have a substantial impact on patients’ mental and physical health [1]. 
In recognition of this, health-related quality of life (HRQOL) is now an established 
patient-reported outcome in HIV-research and clinical practice [2]. 

HRQOL has been defined as ‘an individual’s or group’s perceived physical and 
mental health over time’ [3]. For HIV, like for many other chronic conditions, doz-
ens of disease-specific HRQOL questionnaires have been developed [4], but also 
generic HRQOL questionnaires that generate health utilities are frequently used, 
such as the SF-6D [5], EQ-5D [6], and Health Utility Index [7]. HRQOL measures, 
either generic or disease-specific, are often used as outcome instruments in 
clinical trials, (cost-)effectiveness research, and research on quality of care [8,9]. 
Although the value of HRQOL measures has been recognized by researchers and 
clinicians, they have also been criticized for being too narrow, i.e., focusing only 
on perceived health status while other aspects life may also be important, such as 
social relationships, financial security, and sexual health [10]. With the emergence 
of positive psychology, interventions have been increasingly challenged to reach 
beyond improving health and also focus on improving subjective well-being (SWB) 
[11,12]. High levels of SWB have been found to be related to good health, longevity, 
excellence, and optimal human functioning, which is therefore an outcome of care 
that practitioners aim to enhance [13]. Moreover, the World Health Organization 
recently published a report proposing that SWB should be incorporated as an out-
come for the evaluation of health programs and health service improvement [11].

Unlike HRQOL measures, SWB views individuals holistically within their broader 
physical, social and economic environment. Although the term has been used 
somewhat inconsistently in public discourse and scientific literature, SWB is often 
considered as the scientific equivalent of happiness [14]. It is generally accepted 
that SWB reflects the degree to which an individual judges the overall quality of his 
or her life as a whole in a favorable way [15], and that it includes three components 
[16,17]. The first component is a cognitive judgment concerning one’s overall level 
of life satisfaction. The second and third component comprise affective experienc-
es and moods, reflecting both positive and negative emotional reactions to their 
lives. Despite this tripartite structure of SWB described in the literature, the inter-
relation between life satisfaction, positive affect, and negative affect is still under 
debate [18]. Several studies have shown that life satisfaction forms a separate fac-
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tor from positive and negative affect [18,19]. Moreover, life satisfaction is consid-
ered by some as the main component of SWB, and has frequently been used as a 
proxy measure of SWB [19,20]. 

SWB assessments allow respondents to apply their own standards of evaluation 
and draw on the domains they find personally relevant. Thus, SWB is a general 
scientific area rather than a specific construct, which may be influenced by vari-
ous factors. Given the increasing importance attached to promoting SWB [11,12], 
identifying the major predictors of SWB in various populations may help to guide 
future research and health services. This raises the question which domains 
determine SWB. In this study, we were therefore interested in the question how 
HRQOL relates to SWB among people living with HIV, but also which other key 
quality of life (QOL) domains explain their SWB. 

Several previous studies reported associations between SWB and HRQOL among 
people living with HIV. Associations were found between SWB and physical func-
tioning [21-25], mental health [21,26], anxiety [21], active coping strategies [22,23], 
depression [21,27], and self-esteem and self-image [27,28]. In order to identify 
additional relevant QOL domains, we drew on the literature that examined deter-
minants of SWB among people living with HIV. These studies found associations 
between SWB and social support [22,23,27,29], incidents of stigmatization and 
discrimination [22,28-32], satisfaction with the living environment and safety of 
the neighborhood [33], financial security [29,34], and sexual dysfunction [29,35,36]. 
These factors can be grouped under social, environmental, financial, and sexual 
well-being, which are common constructs in general QOL scales [37]. The current 
study therefore examined how HRQOL and these four additional QOL domains 
relate to SWB. We expected that HRQOL (physical and mental health) would 
explain SWB, and that the other QOL domains (financial, environmental, sexual, 
and social well-being) would explain additional variance in SWB, either by directly 
or indirectly predicting SWB. To our knowledge, no previous studies have explored 
how these QOL domains relate to SWB among people living with HIV.

Methods

Participants and Setting
The present cross-sectional study used baseline data from a multi-center random-
ized controlled trial aimed at evaluating the cost-effectiveness of a self-manage-
ment intervention to increase HIV-treatment adherence [38-40]. Nurses from sev-
en hospitals in the Netherlands recruited people living with HIV treated at their 
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clinic from September 2011 until June 2013. At randomization, participants were 
asked to fill out a paper-and-pencil questionnaire that is used for the current study. 
Treatment-initiating and treatment-experienced patients were both eligible for the 
study and were invited to complete the baseline questionnaire. Treatment-experi-
enced patients were eligible if they had suboptimal viral suppression (i.e., at least 
one plasma viral load ≥ 40 copies/ml) over the last 3 years. Exclusion criteria were: 
(a) < 18 years of age, (b) severe psychiatric disorders, (c) pregnancy, (d) plan to 
interrupt treatment or change clinics in the next year, (e) life expectancy less than 1 
year, (f) not able to communicate with nurse without an interpreter, (g) not taking 
medication autonomously. The study has been approved by the ethics committees 
of the Academic Medical Center Amsterdam, and is registered on clinicaltrials.gov 
(Identifier: NCT01429142). All patients provided written informed consent.

Questionnaire

Subjective well-being
Perceptions of well-being were assessed by using the Satisfaction With Life Scale 
(SWLS) as a proxy measure [16]. The SWLS is a 5-item scale used to measure the 
cognitive dimension of SWB and captures individuals’ global evaluation of their 
life. Participants indicated their level of agreement with each item (e.g., ‘In most 
ways, my life is close to ideal’, ‘The conditions of my life are excellent’, ‘I am satis-
fied with my life’) using a 5-point Likert scale ranging from 1 (strongly disagree) to 
5 (strongly agree). The SWLS demonstrated good internal consistency (α = .89). 
Items were summed, with higher scores implying a higher SWB (M = 16.23, SD = 
4.30, range = 5.00-25.00).

Physical and mental health
Health perceptions were assessed with the Short Form Health Survey version 2 
(SF-12v2). The SF-12v2 is a validated measure of General Health Function devel-
oped by RAND [41,42]. The SF-12v2 produces two standardized summary scores, 
namely the Physical Component Summary (physical health) and the Mental Com-
ponent Summary (mental health). Both scales are linearly transformed to a 0-100 
scale, with 0 indicating the least favorable status and 100 being the most favorable 
status, and a mean score of 50 and standard deviation of 10 based on a represen-
tative sample of the US population. The present sample scored within that aver-
age range: Physical health (M = 51.19, SD = 8.61, range = 23.68-67.25) and mental 
health (M = 44.35, SD = 10.82, range = 21.16-65.86). Internal consistency does not 
apply for physical and mental health as these domain scores are computed with a 
transformation algorithm. 
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In order to reduce questionnaire length and thus participant burden, a subset 
of items assessing four additional QOL domains (social, sexual, financial, and 
environmental well-being) were selected from the WHOQOL item set [37]. A con-
firmatory factor analysis was conducted to verify structural validity and internal 
consistency reliability was examined using Cronbach’s alpha.

Social well-being
Respondents’ social well-being was assessed using three items (i.e., ‘How satis-
fied are you with your social support from friends?’, ‘To what extent do you feel 
accepted by the people you know?’, ‘How satisfied are you with your personal 
relationships?’). A 5-point Likert scale was used ranging from 1 (very dissatisfied 
or not at all) to 5 (very satisfied or completely). The items demonstrated accept-
able internal consistency (α = .73) and were summed, with higher scores implying 
higher social well-being (M = 11.88, SD = 2.42, range = 5.00-15.00).

Sexual well-being
Perceptions of respondents’ sexual well-being were assessed using three items 
(i.e., ‘How well are your sexual needs fulfilled?’, ‘How satisfied are you with your 
sex life?’, ‘How would you rate your sex life?’). A 5-point Likert scale was used 
from 1 (very poor or very dissatisfied) to 5 (very good or very satisfied). The items 
demonstrated excellent internal consistency (α = .90) and were summed, with 
higher scores implying a higher sexual well-being (M = 9.19, SD = 3.42, range = 
3.00-15.00). 

Financial well-being
Perceptions of respondents’ financial well-being were assessed using two items 
from the WHOQOL questionnaire (i.e., ‘How well are you able to cope financial-
ly?’, ‘Do you have enough money to meet your basic needs?’). One additional 
item was developed to capture whether people are not only able to make ends 
meet, but also have some financial buffer to buy non-essential or luxury products 
or services, namely ‘Do you have enough money to buy something extra every 
now and then?’. A 5-point Likert scale was used ranging from 1 (very poor or not 
at all) to 5 (very good or completely). The items demonstrated excellent internal 
consistency (α = .95) and were summed, with higher scores implying higher finan-
cial well-being (M = 10.54, SD = 4.26, range = 3.00-15.00).

Environmental well-being
Respondents’ perceived environmental well-being was assessed using two items 
(i.e., ‘How satisfied are you with the conditions of your living place?’, ‘How 
satisfied are you with the safety in your living environment?’). A 5-point Likert 

scale was used ranging from 1 (very dissatisfied) to 5 (very satisfied). The items 
demonstrated good internal consistency (α = .84, r = .73). Items were summed, 
with higher scores implying higher environmental well-being (M = 7.58, SD = 1.76, 
range = 2.00-10.00).

Depending on the participants’ preferred language, either a questionnaire in En-
glish or Dutch was distributed. Validated Dutch translations of the SF-12v2 [43], 
SWLS [44], and WHOQOL [45] were used.

Demographic and clinical variables
Participants reported their age, gender, level of education, ethnicity, relationship 
status, sexual orientation, and year of diagnosis. Clinical data (i.e., CD4+ cell 
count and plasma viral load) were collected as part of routine clinical care.

Statistical Analysis
The statistical analysis was performed in four steps. First, we verified the factor 
structure of the four WHOQOL domains using a confirmatory factor analysis 
(CFA). Second, bivariate Pearson correlations were computed for the demograph-
ic, clinical, dependent and independent variables. A significance level of p = .10 
was chosen as the threshold for selecting demographic and clinical characteris-
tics as control variables in further analyses (control variables were selected using 
backward deletion in multiple regression analyses). Third, a hierarchical multiple 
regression analysis was conducted to examine whether QOL domains explain 
variance in SWB in addition to mental and physical health, while controlling for 
relevant demographic/clinical variables. Thus, a 3-block multiple regression was 
applied as follows: Block 1: demographic and/or clinical control variables, Block 2: 
physical and mental health, and Block 3: financial, sexual, social, and environmen-
tal well-being. Fourth, we examined the direct and indirect relationships between 
SWB and QOL domains further in an exploratory structural equations modeling 
(SEM) analysis using automated specification search [46]. 

The exploratory SEM model can reveal whether any of the QOL domains that do 
not predict SWB directly has an indirect effect on SWB. Based on a specification 
search, the procedure generated all possible models, and examines them against 
several model fit criteria: χ2 value and significance level, χ2 – degrees of freedom 
(df), Akaike Information Criteria (AIC), Browne-Cudeck (BCC), Bayes-Information 
Criterion (BIC), and χ2 divided by the df. Initially, we specified all paths from the 
six QOL domains to SWB as optional (Figure 1a). We selected the best fitting 
model and used it as a basis for specifying a second model where the QOL do-
mains that did not directly relate to SWB were specified as indirect predictors 
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(Figure 1b). This allowed us to examine whether QOL domains not directly related 
to SWB had an indirect association with SWB through the QOL domains directly 
related to SWB. 

The CFA and final exploratory model were conducted in AMOS and their fit was 
assessed via four indices following guidelines for model fit reporting [47]: χ2 (p 
< .05 for good model fit), comparative fit index (CFI; > .95), the Tucker-Lewis fit 
index (TLI; > .95), and the root mean square error approximation (RMSEA; < .06). 
The other analyses were conducted with SPSS version 20. 

Results

Participants 
Table 1 shows the demographic and clinical details of the study participants. One 
hundred and ninety one of the 245 participants returned the completed ques-
tionnaire (78%). Their mean age was 45 years and most participants were male 
(83%), Caucasian (68%), and not in a steady relationship (51%). More than half 
of the participants were treatment-experienced and on cART for an average of 8.91 
years (SD = 5.79), the others were about to initiate treatment at the time of ques-
tionnaire completion. Patients initiating treatment had high viral loads (M

log
 = 

4.54, SD = 0.94, range = 1.60-5.66) and an average CD4+ cell count of 393/ul (SD 
= 237, range = 0-1,620). Of the treatment experienced patients, 37 percent had 
a detectable viral load at baseline (M

log
 = 1.86, SD = 0.75, range = 1.60-5.88) and 

they had a higher CD4+ cell count than the starting patients (M = 557/ul, SD = 
261, range = 100-1,640). The demographics of the study sample were comparable 
to those of the general HIV-population in the Netherlands (gender, ethnicity, years 
since HIV diagnosis, and sexual orientation) [48].

Normality was met for all variables examined (range skewness = -0.75 to 0.01; 
range kurtosis = -1.19 to -0.14). None of the items examined had more than 5 per-
cent missing values. Missing values were replaced via mean imputation, which 
yielded identical results to using only patients with complete data (which left 180 
respondents for analysis) or computing scale sum scores if participants complet-
ed at least one item (which left 185 respondents for analysis).

Confirmatory Factor Analysis
The CFA model showed acceptable fit, supporting the structural validity of the 
WHOQOL item set: CFI = .96, TLI = .94, RMSEA = .09 (.07 - .11), albeit the χ2 val-
ue suggested model-data discrepancies (χ2 (38) = 96.55; p < .001). Standardized 

Table 1 | Demographic and Clinical Characteristics of Study Participants

Characteristic N = 191

Female, n (%) 32 (16.8%)

Age, years, mean ± SD 45.3 (±10.4)

Ethnicity, n (%)
Caucasian
African
Caribbeana

Other

129 (67.5%)
33 (17.3%)
22 (11.5%)
7 (3.7%)

Employed, n (%) 124 (64.9%)

Education,b n (%)
Low
Medium
High

70 (36.6%)
73 (38.3%)
48 (25.1%)

Sexual orientation, n (%)
Homosexual
Bisexual
Heterosexual

105 (55.0%)
22 (11.5%)
64 (33.5%)

Relationship status, n (%)
Not in a relationship
Steady relationship
Married

98 (51.3%)
56 (29.3%)
37 (19.4%)

Years since HIV diagnosis, mean ± SD 5.1 (±6.5)

Treatment status, n (%)
Treatment-experienced
Treatment-initiating

105 (55.0%)
86 (45.0%)

CD4+ cell count, cells/mm3, mean ± SD
Treatment-experienced
Treatment-initiating

483.5 (±263.0)
557.1 (±261.3)
393.7 (±237.1)

Plasma viral load, mean
log

 ± SD
Treatment-experienced
Treatment-initiating

3.03 (±1.54)
1.86 (±0.75)
4.45 (±0.94)

a  Surinamese and Antillean.
b  Categorization was based on the Dutch education system, ranging from (a) low: (less than) primary edu-

cation, lower secondary education; (b) medium: higher secondary education, lower vocational education; 
(c) high: higher vocational education, university.
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parameter estimates for factor loadings ranged from .74 to .96, except for one 
social well-being item (i.e., ‘to what extent do you feel accepted by the people you 
know?’; regression weight = .53). For factor correlations, standardized parameters 
ranged between .25 (between sexual and financial well-being) and .74 (social and 
environmental well-being). A detailed model diagnosis identified a small number 
of multivariate outliers, and modification indices advised adding several error co-
variances and item-factor paths across the hypothesized factors. Addressing these 
possible drawbacks did not result in relevant changes in parameter estimates or 
improvements in model fit.

Correlation Analysis
The associations between demographic variables, clinical variables, (HR)QOL 
domains, and SWB were first explored in correlation analyses. Table 2 shows that 
marital status was the only demographic variable associated with SWB (r = 0.17, 
p = .019). People who were in a steady relationship (either married or not) scored 
also higher on social (r = 0.21, p = .003), sexual (r = 0.21, p = .004), and financial 
well-being (r = 0.19, p = .009) than people who were not in a relationship. The 
level of education was positively related to financial well-being (r = 0.39, p < .001). 
Non-Caucasian participants scored substantially lower on social (r = -0.25, p = 
.001), financial (r = -0.42, p < .001), and environmental well-being (r = -0.17, p = 
.018). CD4+ cell count and plasma viral load were not significantly associated with 
SWB or (HR)QOL domains. Significant associations were neither found when 
CD4+ cell count and plasma viral load were analyzed separately for treatment-ex-
perienced and treatment-initiating patients.

The associations between the six (HR)QOL domains and SWB were also exam-
ined. Table 2 shows that almost all variables significantly relate to each other, 
except for physical health and mental health (r = .001, p = ns), physical health and 
social well-being (r = .14, p = ns), and physical health and sexual well-being (r = 
.11, p = ns). The strongest relationships were found between environmental and 
social well-being (r = .58, p < .001), and between environmental well-being and 
SWB (r = 0.51, p < .001). SWB was related to all examined (HR)QOL domains. 

Regression Analysis
The relative contribution of each independent variable to predicting SWB scores 
was examined in multiple regression analyses. In these analyses (see Table 3), 
marital status was used as control variable in the baseline model. Block 2 includ-
ed also physical and mental health. In Block 3, the remaining QOL variables were 
added.

Table 2 | Bivariate Associations between SWB, Demographic Variables, Clinical Variables, and 

Other Independent Variables

Variable Subjective 
well-being

Physical 
health

Mental 
health

Social 
well-being

Sexual 
well-being

Financial 
well-being

Environmen-
tal well-being

Gendera -.023 -.11 -.079 .-.13 -.19** -.31** -.15*

Marital 
statusb

.17* .001 .14 .21** .21** .19** .10

Level of 
educationc

.096 .17 .031 .070 .085 .39** .12

Years since 
diagnosisd

.052 -.026 .11 -.086 -.014 -.070 -.064

Ethnicitye .064 -.050 -.081 -.25** -.11 -.42** -.17*

Sexual ori-
entationf

-.049 .12 -.060 .055 .10 .30** .063

CD4+ cell 
countd

.11 .12 .031 -.050 -.12 .067 .054

Plasma 
viral loadd

.076 -.078 .000 .085 -.11 .019 .073

Subjective 
well-being

1.00 - - - - - -

Physical 
health

.17* 1.00 - - - - -

Mental 
health

.41** .001 1.00 - - - -

Social 
well-being

.42** .14 .44** 1.00 - - -

Sexual 
well-being

.20** .11 .21** .39** 1.00 - -

Financial 
well-being

.32** .27** .21** .31** .25** 1.00 -

Environ-
mental 
well-being

.51** .09 .37** .58** .31** .40** 1.00

a 0 = male, 1 = female.
b 0 = not in a relationship, 1 = steady relationship or married.
c  0 = low, 1 = medium, 2 = high.
d  continuous data.
e  0 = Caucasian, 1 = non-Caucasian.
f  0 = heterosexual, 1 = homosexual or bisexual.
*  p < .05.
** p < .01.
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At the baseline Block 1, marital status (β = .17, p = .019) explained about 3 percent 
of the variance in SWB. The inclusion of physical health (β = .17, p = .010) and 
mental health (β = .40, p < .001) in Block 2 significantly increased the amount of 
variance explained (ΔR2 = 0.18, p < .001), and marital status became non-signifi-
cant (β = .12, p = ns). The inclusion of sexual, social, financial, and environmental 
well-being in Block 3 resulted again in a significant change in the total variance 
explained (ΔR2 = 0.14, p < .001), but only environmental well-being appeared to 
be of significance (β = .35, p < .001). After adding these four variables to the re-
gression model, physical health became non-significant (β = .11, p = ns) and the 
strength of the relationship of SWB with mental health was substantially reduced 
(β = .23, p = .001).

Table 3 | Hierarchical Multiple Regression Analysis Predicting SWB

Predictor B SE B β

Model 1
Constant
Marital status

15.52
1.46

0.43
0.62 .17*

Model 2
Constant
Marital status
Physical health
Mental health

4.43
0.99
0.09
0.16

2.05
0.56
0.03
0.03

.12
.17**

.40**

Model 3
Constant
Marital status
Physical health
Mental health
Sexual well-being
Social well-being
Financial well-being
Environmental well-being

0.50
0.68
0.06
0.09
-0.03
0.12
0.08
0.85

2.03
0.54
0.03
0.03
0.08
0.14
0.07
0.19

.08
.11

.23**

-.03
.07
.08
.35**

Note: R2 = .03 for Step 1, R2 = .21 for Step 2 (ΔR2 = .18**), R2 = 0.35 for Step 3 (ΔR2 = .14**).
* p < .05; ** p < .01.

Exploratory Structural Equation Modeling
The first model (see Figure 1a) yielded similar results to the regression model, 
namely that only physical health (β = .12, p = .045), mental health (β = .24, p = 
.001), and environmental well-being (β = .34, p < .001) directly related to SWB 
(χ2 (3) = 2.91; p = .41; χ2 – df = -0.09; BCC = 0.00; BIC = 0.17; χ2/df = 0.97). The 

second model examined whether sexual, financial, and social well-being were in-
direct predictors of SWB (i.e., whether their relationship with SWB was mediated 
by physical health, mental health, and environmental well-being). The model in 
Figure 1b was listed as the best fitting model (χ2 (7) = 10.29; p = .17; χ2 – df = 3.29; 
BCC = 0.00; BIC = 0.17; χ2/df = 1.47) given the second specification. The model 
shows that financial (β = .14, p = .025) and social (β = .32, p < .001) well-being 
had a significant indirect contribution to SWB through mental health, physical 
health and environmental well-being. The final model showed a good fit to the 
data: χ2 (7) = 10.29, p = .17; CFI = .99; NFI = .96; RMSEA = .05 (.03 - .07).

Figure 1 | The best fitting multiple regression model (a), and the final model (b). Dashed lines 

indicate non-significant relationships; continuous lines indicate significant relationships.

(a)

(b)

* p < .05; ** p < .01.

Subjective well-being 
R2=.35

Subjective well-being
R2=.32

e1

e1

e3

e2

e4

Sexual well-being
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Discussion

The present study examined relationships between HRQOL, other important QOL 
domains, and SWB among a sample of people living with HIV in the Netherlands. 
The results showed that mental health and environmental well-being were the 
strongest direct predictors of SWB, whereas physical health related only weakly 
to SWB. Indirect predictors were social and financial well-being, both explaining 
SWB through mental health, physical health, and environmental well-being. These 
findings thus suggest that if improving SWB is a priority [11,12], health services for 
people living with HIV should also include routine assessments of environmental, 
mental, financial, and social well-being. Many (Dutch) HIV-clinics do routinely 
employ validated measures to assess physical health (e.g., plasma viral load and 
CD4+ cell count); this happens less frequently for mental health (e.g., depression 
scales); and we are not aware of the use of validated measures for any of the other 
QOL domains. Yet, this study demonstrates that also these domains are import-
ant to consider, and that patients are likely to benefit from a timely diagnosis of 
problems followed by evidence-based services to address these.

In line with earlier studies in HIV-research, our findings confirmed the strong 
contribution of mental health in predicting SWB [49,50]. Even after controlling for 
other major QOL domains in the current sample, respondents rated their SWB 
lower when feeling depressed, less vital, or emotionally distressed. The impor-
tance of physical health, on the other hand, was not confirmed to the same extent. 
Heckman (2003), for example, showed that physical pain and limitations in daily 
activities can produce substantial decreases in SWB among people living with 
HIV [23]. Although HIV-care primarily targets physical health (i.e., maximizing 
the benefit of therapy while minimizing its side effects), the unique contribution 
of physical health to SWB was modest when we controlled for marital status and 
mental health, and almost absent when we controlled for the other QOL domains. 
Additionally, despite that earlier studies showed strong relationships between 
CD4+ cell count, viral load, and HRQOL [51-53], these clinical indicators were not 
related to SWB in the current sample. Given that SWB correlates only weakly with 
physical health, these findings also raise the question whether SWB would be an 
appropriate outcome measure in studies that primarily aim to improve people’s 
physical health.

Interestingly, the present results revealed that environmental well-being (i.e., in 
terms of general environmental satisfaction and safety) explained the largest part 
of the variance in SWB. It thus seems important that people receive practical and/
or psychosocial assistance when experiencing housing issues or a decrease of 

perceived environmental safety. The other two relevant domains, financial well-be-
ing and social well-being, were indirectly related to SWB. While available evidence 
has suggested that these domains are key for SWB [21-23,27-32,34], this study sug-
gests that they may not directly influence SWB. Rather, financial well-being may 
reduce SWB through lowering environmental well-being and physical health; and 
social well-being may reduce SWB through lowering environmental well-being and 
mental health. As it is plausible that less stable incomes may decrease environ-
mental well-being and subsequently reduce SWB, and given the limited resources 
and high infection rates among African communities in the Netherlands [48], 
addressing these financial issues seems to be important. Likewise, since social 
well-being explains SWB through environmental well-being (e.g., through less 
solidarity or social identity in the community) and mental health (e.g., emotional 
distress by being discriminated, stigmatized or socially excluded) [54], it might be 
relevant for HIV-care to routinely assess potential concerns using validated scales.

Since recent studies argued that sexual satisfaction, sexual self-esteem, and sex-
ual pleasure are potentially linked with physical health, mental health, and SWB 
[35,36], researchers proposed to integrate the beneficial effects of sexual health 
into consultations and health care programs. Contrary to these studies, the cur-
rent results suggest that there is no direct or indirect relationship between sexual 
well-being and SWB. Although the bivariate analyses showed moderately strong 
associations between sexual health, SWB, mental health, and social well-being, 
these relationships were statistically insignificant in the final regression and SEM 
model. It thus seems that being infected with HIV can affect sexual well-being, but 
that this does not have to contribute to poorer SWB. 

This study has potential implications for (Dutch) HIV-care. By taking the broader 
focus on SWB, and by exploring how (HR)QOL domains relate to SWB, it is pos-
sible to examine domains were health and social services can be provided to im-
prove the well-being of people living with HIV. For example, we found that mental 
health relates more strongly to SWB than physical health. Poor mental health is 
common among people living with HIV, but can be well treated with interventions 
that have been shown to be cost-effective [55,56]. Hence, poor mental health could 
be more actively screened with validated instruments and treated within clinical 
services. Moreover, social workers can help people find employment, identify mu-
nicipal or governmental support services for those with limited financial resourc-
es, and assist in identifying ways for improving housing conditions. Hence, the 
results of our study suggest that besides routinely assessing physical well-being 
with validated measures (e.g., plasma viral load and CD4+ cell counts), social, 
financial and environmental well-being should also be frequently assessed with 
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validated measures, followed by referral to appropriate services if problems are 
identified. Thus, by focusing on SWB rather than HRQOL, research can identify 
additional important avenues for improving people’s life.

This study also has some limitations. First, the cross-sectional design precludes 
drawing conclusions about causality. Nevertheless, the results provide a good 
basis for future longitudinal studies to test the model presented. Second, because 
of the exploratory nature of the structural equation model, the results should be 
interpreted as hypothesis generating rather than theory testing. Third, the current 
study is embedded in a large randomized controlled trial where the relationship 
between (HR)QOL and SWB is only one of the interests. Although we would have 
preferred a more detailed assessment, the questionnaire was not allowed to be 
too lengthy. Therefore, we selected items from the WHOQOL questionnaire which 
were able to reflect QOL accurately and conveniently. Despite the modest number 
of items we used per construct, the scales had good to excellent internal consis-
tency and showed acceptable structural validity. Fourth, our conclusions are limit-
ed to the outcome life satisfaction (i.e., the cognitive component of SWB), which 
was used as a proxy measure of SWB.

To conclude, placing SWB centrally in health promotion efforts raises the question 
how SWB can be improved. We examined a model that placed SWB at the center, 
and explored which QOL domains – which cover broad life domains while being 
also specific enough to focus intervention research and services – explain SWB 
directly or indirectly. Of major importance were environmental well-being and 
mental health, and to a lesser extent physical health, social well-being, and finan-
cial well-being. Given that most of HIV-care is directed at measuring and pro-
moting physical health, from a SWB perspective the quality of health services for 
people living with HIV can be enhanced considerably if validated measurements 
of mental, environmental, social, and financial well-being are incorporated in rou-
tine care; and followed by referrals to effective – often already available – services 
to overcome these challenges.
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Reporting guidelines call for descrip-
tions of control group support in equal 
detail as for interventions. However, 
how to assess the active content (be-
havior change techniques, BCTs) of 
treatment-as-usual (TAU) delivered to 
control groups in trials remains un-
clear. The objective of this study is to 
pre-test a method of assessing TAU in 
a multi-center cost-effectiveness trial of 
an HIV-treatment adherence interven-
tion.

Design
HIV-nurses (N = 21) completed a 
semi-structured open-ended question-
naire enquiring about TAU adherence 
counseling. Two coders independently 
coded BCTs.

Main outcome measures
Completeness and clarity of nurse re-
sponses, inter-coder reliabilities, and 
the type of BCTs reported were exam-
ined.

Results
The clarity and completeness of nurse 
responses were adequate. Twenty-three 
of the 26 identified BCTs could be 
reliably coded (mean κ = .79; mean 
agreement rate = 96%) and three BCTs 
scored below κ = .60. Total number of 
BCTs reported per nurse ranged be-
tween 7 and 19 (M = 13.86, SD = 3.35).

Conclusions
This study suggests that the TAU 
open-ended questionnaire is a feasible 
and reliable tool to capture active con-
tent of support provided to control par-
ticipants in a multi-center adherence 
intervention trial. Considerable variabil-
ity in the number of BCTs provided to 
control patients was observed, illustrat-
ing the importance of reliably collecting 
and accurately reporting control group 
support.

Introduction

Health behavior change interventions are usually multifaceted, and may include a 
range of active ingredients commonly referred to as Behavior Change Techniques 
(BCTs) [1-4]. Poor intervention descriptions in research protocols and published 
study reports often preclude inferring which BCTs where delivered, why and how, 
which poses a major barrier to intervention replication, implementation, and the 
conduct of informative systematic reviews [5,6]. In the last decade, researchers 
have therefore paid considerable attention to improving the quality of interven-
tion descriptions in randomized controlled trials (RCTs) [2,4,7-12]. Considerably 
less attention has been paid, however, to improving descriptions of the support 
provided to control groups in behavior change intervention trials, who typically 
received treatment-as-usual (TAU) or an augmented version thereof [5,13-17]. Yet, 
systematic reviews and meta-analyses suggest that the active content of TAU can 
vary considerably between trials. Importantly, the quality of TAU can influence 
outcomes in control groups, and thus trial effect sizes [5,18-20].

Guidelines such as CONSORT, WIDER, and TIDieR call for control group descrip-
tions in equal detail as intervention content [8,9,11,12]. However, no information 
is given on how to obtain these data, or summarize TAU data for reporting when 
it is collected from multiple sources (e.g., health care professionals and/or study 
sites). Consequently, study reports rarely include any detail about the active con-
tent of care provided to control groups [5,15,18,20-22], which can lead to inaccu-
rate conclusions about intervention effectiveness and their most effective ingredi-
ents [5,20].

Accurately describing the active content of behavior change counseling in TAU 
can be challenging, especially in the context of RCTs with financial and time con-
straints. Several direct and indirect methods are available to explore the content of 
patient-clinician counseling [23,24]. Direct methods, such as video- or audio-taped 
observations, can provide accurate reflections of care content, but can be biased 
if both the patient and provider are aware of being observed [25,26]. Observing 
clinical interactions, as well as other direct methods such as unannounced ‘stan-
dardized’ or ‘simulated’ patients, can therefore be prone to measurement effects 
[27,28]. Moreover, considerable resources are required for coding a representa-
tive number of consultations per clinician, and these costs rapidly escalate when 
many clinicians provide TAU to control group patients. Using direct methods to 
capture TAU provided to control groups may thus not be feasible in intervention 
research [24]. Care content can also be investigated indirectly using proxy mea-
sures, such as closed-ended standard care checklists [5], or patient vignettes [29]. 

Assessing Treatment-As-Usual Provided to Control Groups in HIV Adherence Trials



102 103

Despite their low response burden, indirect measures may overestimate the active 
content of care by promoting social desirability bias [30-32]. Given the limitations 
of available methods, it may be useful to explore other options.

In this study, a semi-structured open-ended questionnaire was pilot-tested to as-
sess the quality of usual medication adherence care delivered to control groups. 
The TAU open-ended questionnaire is an alternative for available methods, as it 
potentially explores TAU more feasibly (less time required and less costly to use) 
than direct methods, and more accurately than other indirect methods (no so-
cial desirability bias as the questions are minimally suggestive/cueing). The TAU 
open-ended questionnaire was used in a multi-center RCT examining the (cost-)
effectiveness of the Adherence Improving self-Management Strategy (AIMS-in-
tervention) compared to TAU among HIV-infected patients using combination 
antiretroviral therapy (cART) [33-35]. In the current study, four research questions 
were explored: (1) Is it feasible to use the TAU open-ended questionnaire in the 
context of a large RCT?; (2) Are TAU descriptions sufficiently detailed to allow for 
BCT coding?; (3) Can BCTs be reliably coded based on the TAU descriptions?; (4) 
What is the variability between nurses and between clinics in the total number of 
BCTs reported?

Methods

Setting
Seven HIV-clinics in the Netherlands, with in total 21 HIV-nurses, participated 
in the AIMS-study: Academic Medical Center, Amsterdam (7 nurses); Slotervaart 
Hospital, Amsterdam (3 nurses); St. Lucas-Andreas Hospital, Amsterdam (2 nurs-
es); Leiden University Medical Center, Leiden (2 nurses); HAGA Hospital, The 
Hague (2 nurses); Erasmus Medical Center, Rotterdam (3 nurses); Isala Clinic, 
Zwolle (2 nurses). The nurses were asked to fill in the paper-and-pencil version 
of the TAU open-ended questionnaire during a meeting prior to the start of the 
AIMS-study.

TAU Open-Ended Questionnaire 
The TAU open-ended questionnaire contained semi-structured open-ended ques-
tions with free text for nurse responses. In order to increase the probability that all 
relevant elements of the TAU were reported, rather than using a single question 
(e.g., ‘Please report all the things you do to support adherence among your pa-
tients’) multiple questions were used as ‘probes’. The content of these questions 
was guided by a previously developed HIV-treatment adherence taxonomy of 

BCTs; and by the results of a systematic review of HIV-treatment adherence trials 
that included TAU data collected from study authors using a standard care check-
list [5,20]. The questions in the current open questionnaire reflect the broad cate-
gories in which adherence support is typically delivered: Informing patients, moti-
vating patients, goal setting, problem solving, and it makes a distinction between 
activities that are typically done during the start-up of a treatment (e.g., providing 
information and make a medication intake plan) and those that are more likely 
to be delivered during follow-up sessions (e.g., identify adherence problems and 
solutions). Table 1 shows the open-ended questions used, and one additional 
question to enquire whether any adherence-related activities were delivered not 
covered by these questions. The questionnaire was distributed in Dutch.

The nurses were instructed (both verbally and in an introductory text) to report 
on the activities that they ‘routinely deliver to the majority of their patients’, rather 
than occasional activities to specific individual cases. The nurses were also in-
structed, both verbally and on paper, to describe each activity, strategy, or method 
in as much detail as possible. For instance, they were instructed that ‘motivational 
interviewing’ would be too nonconcrete, and that they had to describe concretely 
what activities they were performing to support adherence. The researchers were 
present during completion of the questionnaire to answer possible questions 
from the nurses.

Coding Procedure
Two authors (EO and MdB) independently coded the adherence support activi-
ties reported by nurses. Disagreements were resolved in a consensus meeting. 
A coding manual was used to determine which standard care activities could be 
considered as BCTs. The questions and the coding manual were developed based 
on the same adherence-adapted BCT taxonomy. It includes 38 items that describe 
distinct adherence-enhancing BCTs. This 38-item adherence to medication taxon-
omy is an adapted version of the behavior change taxonomy from Intervention 
Mapping [3], and Abraham and Michie [2]. The taxonomy is available on the Open 
Science Framework (https://osf.io/zdi5q/). The coders included one additional 
BCT (a 39th) in the manual to capture the relevant adherence supporting activity 
‘reducing psychological barriers’. All coded BCTs were given one point each. BCTs 
that were reported both at treatment-initiation and for follow-up meetings were 
given two points.
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Table 1 | The TAU Open-Ended Questionnaire

Question Domain of Adherence Counseling

#1 What information do you think patients need to receive 
regarding their medication and adherence? How do you 
present that information?

Informing

#2 Do you try to motivate patients to strictly adhere to 
their medication? If yes, how?

Motivating

#3 Do you develop a medication intake plan together with 
the patient? If yes, how do you do this? What topics do 
you usually address, and which adherence strategies do 
you routinely discuss?

Planning

#4 If patients suggest plans for how to take their medica-
tion intake, or how to solve problems, do you systemati-
cally pay attention to how goals are set? Please explain 
your answer (yes/no)?

Goal setting

#5 Based on your experience, what are the three most 
common reasons for not taking medication? Which 
strategies do you discuss with patients to manage these 
problems?

Problem solving

#6 During follow-up visits, do you evaluate adherence and 
potential adherence problems? If yes, how? If not, why 
not?

Any of the above but during 
follow-up visits

#7 Are there any important activities that you do to sup-
port medication adherence that we did not ask about?

Any of the above

Analyses
The analyses were performed in four steps. First, to assess feasibility of the TAU 
open-ended questionnaire, we examined time to complete the questionnaire, the 
amount of missing data, and the extent to which nurses required help to complete 
the questionnaire. Second, to assess completeness and clarity of responses, we 
examined whether TAU descriptions were detailed enough to allow for BCT cod-
ing. The open-ended questions were compared to each other to assess whether 
some questions were more likely to yield ambiguous descriptions of TAU activities 
than others. Examples of descriptions with adequate and inadequate level of de-
tail were given. Third, to assess whether BCTs were reliably coded, Cohen’s kappa 
statistic was used to examine the inter-coder reliability of each BCT. Fourth, to 
assess variability in TAU between nurses and between clinics, the total number of 
reported BCTs was computed.

Results

Participants
All nurses returned their questionnaire (N = 21). Their mean age was 44 years 
(SD = 8.46), 15 participants were female, and all nurses were Dutch. Two nurses 
had less than one year nursing experience and six nurses had more than ten years 
nursing experience (M = 7.81, SD = 6.35). All nurses completed higher vocational 
nursing education and six nurses completed post-graduate education for ‘Ad-
vanced Nursing Practitioner’. Nineteen nurses completed the (compulsory) three-
day course ‘Motivational Interviewing’. Most nurses reported that they participat-
ed in updates of ‘Motivational Interviewing’ or other courses not directly related 
to adherence support (e.g., counseling and health behavior change).

Feasibility
The nurses were given 60 minutes to complete the adherence TAU open-ended 
questionnaire. All nurses finished well on time (range = 25 to 45 minutes) and 
responded to all questions. After being instructed about how to respond to the 
TAU open-ended questions, the nurses did not solicit any further help except for 
two nurses requesting clarification on one item (question #4). Apparently, the 
concept of thinking about how to formulate goals was new to these nurses. The 
responses to question #7, which was added to enquire whether nurses delivered 
any adherence-related activities that were not already covered by questions #1-6, 
were generally brief and produced very little additional relevant information. 

Descriptions of TAU Activities
A preliminary qualitative analysis of responses was conducted to assess com-
pleteness and clarity of responses. Most parts of the responses were sufficiently 
concrete, so that BCTs could be easily identified. However, there were also sec-
tions of text where the coders had the impression that one or multiple BCTs might 
have been delivered, but the level of detail was insufficient to confidently code 
BCTs. These suboptimal TAU descriptions were also the main reason for disagree-
ment between the coders, and seemed to occur more frequently with questions 
#1, #5, and #6; and more often with some nurses who tended to formulate their 
responses at a less concrete level.

An example of text that was unclear is ‘we make a plan together and we evaluate 
the plan’. This suggests that the BCT ‘review of general and/or specific goals’ was 
delivered. However, the text could not be coded with confidence because it did not 
adequately fit the definition ‘reconsideration of previously set goals or intentions 
following previous goal setting, and an attempt to act on those goals’. An example 
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of text that was adequate to code as this BCT is ‘we talk about the patient’s daily 
activities and the agreed time of the day to take medication. In addition, we evalu-
ate why this time of the day was chosen, and how it works for the patient. In case 
it does not work well, we look for alternatives’.

A second example of text that was unclear is ‘I recommend several tools’, which 
is likely to refer to tools such as an alarm device. This suggests that the BCT ‘use 
of cues’ was delivered but – again – the text could not be coded with confidence 
because it did not adequately fit the definition (i.e., ‘teaching or stimulating the 
patient to identify environmental prompts that can be used to remind them of 
the behavior and/or goal set’). An example of text that was adequate to code as 
this BCT is ‘I advise the patient to use an alarm device on their mobile phone to 
remind themselves to take medication’.

A final example of text that was unclear is ‘I discuss medication intake with the 
patient’. This suggests that the BCT ‘self-report of behavior’ was delivered (note: 
‘self-report of behavior’ is an assessment technique, not an actual change tech-
nique). However, the text could not be coded with confidence because it did not 
adequately fit the definition ‘assessment of own adherence behavior through 
self-report’. An example of text that was adequate to code as this BCT is ‘I ask how 
many times the patient skipped a dose or took medication too late, and why’.

Inter-Coder Reliabilities
Inter-coder reliabilities were examined for the identification of 38 BCTs. These are 
presented in Table 2, with the percentage of agreement for each BCT and by how 
many nurses the BCT was reported. In 13 of the 38 BCTs, both coders agreed that 
there were no instances of a BCT in any of the questionnaires. For three of the 
38 BCTs, there was 100% agreement between coders judging that the BCT was 
present. For the remaining 22 BCTs, kappa scores ranged from 0.0 to 1.0 with a 
mean of .79 and a median value of .86 (SD = .26). Nineteen of the 22 tests (86%) 
produced a satisfactory kappa above 0.6, which is considered as substantial in-
ter-coder reliability [36]. Three tests produced a kappa below 0.6 (i.e., ‘persuasive 
argument, belief selection’, ‘provide general information’, and ‘review of general 
and/or specific goals’). Across all 38 BCTs, agreement rates ranged from 71% to 
100% with a mean value of 97% and a median value of 99% (SD = 5.96).

Variability in BCTs
Table 3 shows the set of BCTs reported by the 21 nurses involved in the AIMS-
study, after coders reached agreement. Three BCTs were reported by all nurses 
(i.e., ‘provide general information’, ‘persuasive argument, belief selection’, and 

‘develop medication intake schedule’). None of the nurses reported any BCT ad-
dressed at the determinants ‘social influence’ (i.e., ‘provide information about 
peer behavior’, ‘provide opportunities for social comparison’, and ‘mobilize social 
norm’) and ‘maintenance’ (i.e., ‘formulate goals for maintenance of behavior’ and 
‘relapse prevention’). The total number of BCTs reported on nurse level ranged 
from 7 to 19 BCTs (M = 13.86, SD = 3.35). The average number of BCTs in the 
seven clinics involved in the AIMS-study ranged from 9.67 to 16.50 BCTs (M = 
14.00, SD = 2.62). The number of BCTs reported was unrelated to age (r = -.06, 
95% CI [-.41, .32]) and the years of nursing experience (r = .28, 95% CI [-.15, .62]). 
The results from the the independent sample t tests indicated that male nurses 
(M = 13.50, SD = 3.88, N = 6) reported an equal number of BCTs compared to 
female nurses (M = 14.00, SD = 3.25, N = 15), t(19) = -.30, p = .76, two tailed, 95% 
CI [-3.97, 2.97]. Nurses who completed post-graduate education (M = 14.40, SD = 
3.42, N = 6) reported also an equal number of BCTs compared to those who did 
not complete post-graduate education (M = 12.50, SD = 3.02, N = 15), t(19) = 1.19, 
p = .25, two tailed, 95% CI [-1.45, 5.25].

Discussion

Although CONSORT, WIDER, and TIDieR statements call for control group de-
scriptions in equal detail as intervention content [8,9,11,12], no guidance is giv-
en on how to obtain these data. The objective of this study was to pilot-test an 
open-ended questionnaire to reliably assess BCTs delivered by HIV-nurses as part 
of their routinely delivered adherence support. The results suggest that using the 
TAU open-ended questionnaire is feasible (i.e., nurses understood the questions 
and the questionnaire could be completed in a reasonable amount of time) and 
that most of the responses could be reliably coded with a BCT taxonomy. The 
results are also potentially relevant for interpreting the effects of this trial, which 
evaluates the (cost-)effectiveness of the AIMS-intervention [33-35], given the vari-
ability between nurses and clinics in the number and type of BCTs delivered. This 
study suggests therefore that using a semi-structured open-ended questionnaire 
with the right instructions and the right prompts can be an appropriate method 
for assessing the active content of TAU, and thus improve trial reports and me-
ta-analyses.

Twenty-six BCTs were identified from TAU descriptions of 21 nurses, 23 of which 
had kappa scores of 0.60 or above. Three BCTs scored lower than 0.60. Both cod-
ers agreed that some of the nurse responses were insufficiently detailed to allow 
for confident BCT coding, which was also a reason for low agreement rates and 
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Table 2 | Percentage Agreement, Kappa, and Number of Times each Behavior Change Technique 

was Coded.

Determinant BCT
% of 

Agreement
Cohen’s 
kappa

Times coded 
as BCT a

Knowledge Provide general information 100 N/A 21

Increase memory and understanding 100 1.0 20

Awareness Risk communication 95 .83 17

Self-monitoring of behavior 100 N/A 0

Self-report of behavior b 86 .64 15

Electronic monitoring of behavior b 100 N/A 0

Reflective listening 100 1.0 1

Delayed feedback of behavior 100 N/A 0

Direct feedback of behavior 100 1.0 11

Feedback of clinical outcomes 100 1.0 4

Social influ-
ence

Provide info about peer behavior 100 N/A 0

Social comparison peers 100 N/A 0

Mobilize social norm 100 N/A 0

Attitude Re-evaluation, self-evaluation 95 .77 2

Persuasive communication 95 .00 21

Reward behavioral progress 100 1.0 1

Reward motivational progress 100 N/A 0

Self-efficacy Modeling 100 1.0 1

Verbal persuasion 95 .64 1

Practice, guided practice 100 1.0 2

Plan coping responses 95 .86 17

Graded tasks, goal setting 95 .77 2

Reattribution, external attribution 100 N/A 0

Determinant BCT
% of 

Agreement
Cohen’s 
kappa

Times coded 
as BCT a

Intention General intention formation 86 .32 3

Develop medication intake schedule 100 N/A 21

Specific goal setting 95 .90 10

Review general and/or specific goals 71 .42 14

Agree behavioral contract 100 N/A 0

Action control Use of social support 91 .81 9

Use of cues 95 .83 17

Self-persuasion 100 N/A 0

Maintenance Formulate goals for maintenance 100 N/A 0

Relapse prevention 100 N/A 0

Facilitation Provide materials 100 1.0 4

Continuous professional support 86 .63 15

Individualize regimen 95 .91 10

Cope with side effects 95 .90 14

Reduce environmental barriers 100 N/A 0

Reduce psychological barriers ---c --- c 4

a The score was determined after the consensus meeting.
b An assessment technique, not an actual change technique.
c Percentage of agreement and Cohen’s kappa not included here. This BCT was added after the coding 

procedure.
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Table 3 | The Set of Behavior Change Techniques Reported by the 21 Nurses Involved in the AIMS-studya

BCT # b 1 # 2 # 3 # 4 # 5 # 6 # 7 # 8 # 9 # 10 # 11 # 12 # 13 # 14 # 15 # 16 # 17 # 18 # 19 # 20 # 21
Times coded as 

BCT c

Provide general information                      21

Increase memory and understanding                      20

Risk communication                      17

Self-report of behavior d                      15

Reflective listening                      1

Direct feedback of behavior                      11

Feedback of clinical outcomes                      4

Re-evaluation, self-evaluation                      2

Persuasive communication                      21

Reward behavioral progress                      1

Modeling                      1

Verbal persuasion                      1

Practice, guided practice                      2

Plan coping responses                      17

Graded tasks, goal setting                      2

General intention formation                      3

Develop medication intake schedule                      21

Specific goal setting                      10

Review general and/or specific goals                      14

Use of social support                      9

Use of cues                      17

Provide materials                      4

Continuous professional support                      15

Individualize regimen                      10

Cope with side effects                      14

Reduce psychological barriers                      4

 = The BCT was not identified;  = The BCT was identified.
a BCTs which were not reported by any nurse are omitted in this table.
b The nurses are numbered to ensure anonymity.
c The score was determined after the consensus meeting.
d An assessment technique, not an actual change technique.

Chapter 5 Assessing Treatment-As-Usual Provided to Control Groups in HIV Adherence Trials



112 113

low kappa scores. Researchers who intend to use this method in their trials may 
consider several options for improvement, such as improving the instructions to 
respondents to ensure an adequate level of detail of responses; or immediate cod-
ing of the completed questionnaires and asking for clarification of nurse responses 
when they are too general.

Recent meta-analyses examined the variability and impact of TAU provided to con-
trol groups in RCTs evaluating HIV-treatment adherence interventions [5,20]. De 
Bruin and colleagues assessed TAU using a checklist that was completed by study 
authors, and found that TAU capacity scores (i.e., a sum-score of the number of 
TAU BCTs delivered in each study, weighed for tailoring and repetition of BCT de-
livery) can vary considerably between studies, impact control group outcomes, and 
consequently trial effect sizes. The results from the current study suggest that the 
active content of TAU within one multi-center RCT can vary substantially, despite 
that nurses have the same guidelines, follow the same courses, and so forth. This 
also raises the question of how this TAU variability can be taken into account in 
the analysis of this trial, and in future meta-analyses of behavior change interven-
tions that aim to control for variability in TAU in order to arrive at more accurate 
estimates of intervention effects, and the most effective BCTs. To facilitate the use 
of these data in such analyses, we recommend that reports of behavior change 
interventions include (either in the manuscript or as an appendix) a table detailing 
for each TAU provider which BCTs had been coded (similar to Table 3 in this man-
uscript).

This study also has some limitations. First, despite that the questions are minimal-
ly directive, the nurse responses might not accurately represent TAU. Examining 
convergent validity (e.g., by comparing questionnaire responses with coded video- 
or audio-observations) and predictive validity (e.g., by comparing TAU scores with 
adherence and/or clinical outcomes) would be important steps for future research. 
Second, we did not have the opportunity to repeat the same measurement proce-
dure – under the same conditions – within a short period of time. We were there-
fore unable to examine test-retest reliability.

Results from the TAU open-ended questionnaire can also have practical impli-
cations that go beyond improving the reporting of the care provided to control 
groups. By examining the relationship between the active content of TAU and pa-
tient outcomes, such as adherence and plasma viral load, the most effective (com-
binations of) BCTs can be identified for supporting adherence. Results from such 
studies – if sufficiently rigorously conducted – can be informative for in HIV-nurs-
es’ training programs to improve the effectiveness of their treatment-as-usual.

To conclude, the current study makes primarily a methodological contribution to 
improved reporting of the active content of care provided to control groups in tri-
als evaluating behavior change interventions. The TAU open-ended questionnaire 
demonstrates good feasibility to collect data at the level that can be reliably coded 
with a taxonomy of BCTs. Further validation of data collected in this way would 
strengthen confidence in the accuracy of these data, and lead to improved trial 
reports and analyses, and evidence syntheses.
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T

R
A

C
T Background

Non-adherence to combination Antiret-
roviral Therapy is common and may 
lead to treatment failure. Few adher-
ence interventions have demonstrated 
a meaningful impact on viral suppres-
sion. This trial examined the effec-
tiveness of the Adherence Improving 
self-Management Strategy (AIMS), as 
compared to treatment-as-usual (TAU).

Methods
In seven HIV-clinics in the Nether-
lands, treatment-initiating and ‘at-risk’ 
treatment-experienced patients were 
randomly allocated to AIMS or TAU. 
AIMS is a nurse-delivered, one-on-one 
counseling intervention using elec-
tronic adherence monitoring, delivered 
during routine clinical visits. Interven-
tion patients were expected to attend 
three sessions: at baseline and at 4-5 
month intervals after that. Plasma viral 
load (primary outcome) was assessed 
at baseline and at three follow-up time 
points. The primary intent-to-treat 
analysis was a three-level mixed-effects 
model using log-transformed viral load 
at three follow-up time points. Second-
ary analyses used detectable-undetect-
able viral load at the three follow-up 
time points and treatment failure 
(two consecutive detectable viral load 
post-randomization) as the dependent 
variables. All analyses were controlled 
for baseline viral load and the stratifica-
tion variable ‘treatment experience’.

Results
In total, 223 patients were randomized 
(113 to the control group, 110 to the in-
tervention group; 113 treatment-initiat-
ing patients, 110 treatment-experienced 
patients) and 213 patients completed 
the trial. The primary analyses showed 
that the intervention was effective 
(F(1,199) = 7.23, p = .008). Patients in 
the control group had viral loads that 
were on average 1.28 times (95% CI 
1.06 to 1.55) higher than those in the 
intervention group. Patients in the in-
tervention group had a 2.03 times high-
er odds of having an undetectable viral 
load across the three time points (95% 
CI 1.06 to 3.89), and patient in the con-
trol group had a 3.08 times higher odds 
of failing on treatment (95% CI 1.18 to 
7.94)

Discussion
The AIMS-intervention was effective 
and AIMS could be delivered by min-
imally-trained nurses during routine 
clinical care. Consecutive trial- and 
model-based analyses should reveal 
whether this intervention is also 
cost-effective.

Background

Efficacious drugs for the treatment of HIV/AIDS are widely available in high-in-
come countries since 1996, and increasingly so in low-income countries. The life 
expectancy of people living with HIV using combination Antiretroviral Therapy 
(cART) is now almost identical to that of people living without HIV [1,2]. More-
over, the risk of forward HIV transmission is reduced considerably amongst pa-
tients treated successfully [3]. However, and despite a marked reduction in side-ef-
fects and complexity of cART regimens over the last two decades, the sub-opti-
mal intake of medication (the faulty execution) and premature discontinuation 
(non-persistence) of the prescribed dosing regimen are two elements of non-ad-
herence that continue to compromise treatment effectiveness [4]. Non-adherence 
can lead to poor patient outcomes, the development of drug-resistant virus, fewer 
treatment options due to drug resistance, and elevated onward transmission risks 
of (resistant) virus [5-13]. Hence, supporting patients’ adherence is an important 
objective from a patient and public health perspective [14].

For the long-term success of cART and its consequent impact on the spread of 
HIV, it is key to intervene when faced with suboptimal adherence before virolog-
ical failure occurs. Although meta-analyses suggest that the quality of adherence 
support provided to patients can determine up to 50% of HIV treatment success 
rates [15], there is little direct experimental evidence that adherence interventions 
have a sustained impact on adherence and – more importantly – on viral loads 
[16-19]. Moreover, there is no evidence that effective HIV-treatment adherence in-
terventions yield benefits for society in terms of cost-effectiveness and cost-utility.

About ten years ago, we therefore developed a new intervention, the Adherence 
Improving self-Management Strategy (AIMS), which is based on empirical liter-
ature, behavioral theories, and input from health care professionals and patients 
[20]. The backbone of the intervention is comprised of two elements: patients us-
ing electronic medication monitors to collect continuous data on their medication 
intake patterns (using the Medication Event Monitoring System, or MEMS-caps, 
MWV Healthcare), followed by patients and nurses collaboratively examining 
successful and less successful medication intake patterns, and identifying tailored 
strategies for sustaining or enhancing adherence. After a successful pilot-study 
of AIMS [20], a single-center randomized controlled trial (RCT) was conducted 
amongst treatment-experienced patients [21]. Although powered to detect an ef-
fect in adherence only, relevant and significant effects on both adherence and the 
percentage of patients with full viral suppression during follow-up were observed 
[21,22]. A limitation of this RCT was its conduct at a single center, a fairly homoge-
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neous study sample, and the lack of data to evaluate the cost-effectiveness of the 
intervention.

Although the wider literature contains an increasing number of trials that also 
evaluate interventions using electronically-monitored adherence feedback, these 
interventions tend to utilize the same electronically-collected data as the depen-
dent variable in the analyses which raises concerns about possible detection bias 
[23]; and/or fail to show an effect on a clinically relevant measure such as viral 
load [24,25]. None of these interventions has been subjected to a cost-effective-
ness analysis. The current study describes the results of a definitive trial to eval-
uate the (cost-)effectiveness of the AIMS-intervention in a representative sample 
of Dutch HIV-clinics, among a heterogeneous sample of patients treated for HIV. 
The trial was powered to detect an effect on a relevant and objectively assessed 
clinical measure, namely plasma viral load. Here we report on the effectiveness of 
AIMS.

Methods

The study protocol for this trial has been published previously [26], and a separate 
article has been published to elaborate on the strategies employed for reducing 
the risk of bias in this trial (i.e., using the so-called RATIONALE Table) [27]. We 
will therefore only succinctly report the methodology in this paper. The trial is reg-
istered at clinicaltrials.gov (Identifier: NCT01429142).

Study Setting and Eligibility Criteria
The study was conducted in seven Dutch HIV-clinics. Eligible patients could be 
treatment-experienced (≥ 9 months on cART) or initiating their first cART regi-
men. Treatment-experienced patients had to be ‘at-risk’ for virological failure: they 
were first screened for a detectable viral load during the previous three years, after 
which they had to display suboptimal adherence during two months MEMS base-
line monitoring (< 100% for a QD (once-daily) and ≤ 95% for a BID (twice daily) 
regimen). Both criteria were based on analyses that revealed for such patients an 
increase in the probability of a detectable viral load in the next 12 months [26]. 
Exclusion criteria were: age <18 years, psychiatric disorders or other comorbidi-
ties precluding compliance with study procedures, pregnancy, plans to interrupt 
treatment in the next 14 months, life expectancy less than one year as determined 
by their physician, not being able to communicate in English or Dutch, viral resis-
tance to three or more of the currently available antiretroviral drug classes, and 
the intention to initiate hepatitis C treatment.

Eligible patients were approached by their treating health care professionals 
(physician and/or nurse), and given information about the study verbally and 
in writing. Eligible patients were explained that one objective was to explore the 
usefulness of an alternative approach to support medication adherence (objective 
1); and that another objective was to study the whole range of behavioral support 
offered in their HIV clinic, and how satisfied patients are with that support (objec-
tive 2). This second objective was introduced because of an authentic interest in 
this question, but also as a distraction strategy to draw attention away from ad-
herence, as blinding to treatment assignment was impossible [27].

All patients gave written informed consent and the trial was approved by the med-
ical ethical committee of each participating hospital.

Study Design and Measurements
The study was conducted in seven HIV-clinics, where 21 nurses were trained in 
the intervention. Nurses received a brief training (3 days of 6 hours, groups of 8 to 
12 nurses) in the AIMS-intervention and in using MEMS-caps. A 1.5-hour booster 
session was delivered at each HIV-clinic (2-3 nurses per booster session) after 
each nurse had seen 2-3 patients. Besides these formal training moments, there 
was no additional support or advice in relation to the delivery of the intervention.

Patients fulfilling the in- and exclusion criteria were randomized within nurses, 
since randomizing clinics (or nurses within clinics) was expected to introduce a 
major risk of recruitment bias [27]. The resulting risk of contamination was judged 
to be minimal because key intervention elements could not be accessed by or 
transferred to control group participants [27]. Randomization to the AIMS-inter-
vention or treatment-as-usual (TAU) was stratified on treatment experience (expe-
rienced versus initiating treatment). Block randomization (in block sizes of four, 
six, and eight, ordered randomly to avoid predictability of treatment assignment) 
was used to balance intervention and control patients over nurses. With the study 
being over-powered to detect an effect on adherence, a randomly selected 50% 
of the control group patients were randomized to MEMS-monitoring to reduce 
study burden. The randomization table was computer-generated and treatment 
assignment was done automatically after nurses entered the details of consenting 
patients online on a study website. Neither the researchers nor the health care 
professionals had access to the randomization tables.

Patient demographics and treatment details were collected at baseline. Plasma vi-
ral load (the primary outcome) was assessed at baseline (prior to randomization) 
and at three follow-up time points (Time point 1, 2 and 3; at 4-5 month intervals). 
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The plasma viral load was measured locally. The assays used were COBAS Am-
pliPrep/COBAS TaqMan HIV-1 Test, v2.0 (Roche; Limit of Detection (LoD) 20 cop-
ies/ml), Abbott m2000 RealTime HIV-1 (Abbott; LoD depending on the sample 
volume 40-75 copies/ml), and NucliSENS Easy Q HIV-1 v2.0 (Biomerieux; LoD 25 
copies/ml).

The primary outcome for the study was plasma viral load. Adherence to medica-
tion, the secondary outcome, was measured using MEMS-caps in the intervention 
sample and in 50% of the control group sample (randomly selected), but these 
data were not yet available for analysis at the time of writing of this thesis chapter.

Treatment-As-Usual Provided to the Control Group
The content and quality of adherence support provided to control groups in ad-
herence trials determine to a large extent what can be achieved by an additional 
intervention [15,22]. In the current trial, each nurse provided their TAU to control 
group participants. In order to describe TAU, we developed a minimally intrusive 
method for collecting these data from the nurses [28]. The quality of adherence 
care provided to patients in these clinics ranged from medium to high when com-
pared with a meta-analysis on this topic [22]. This means that almost all nurses 
routinely delivered to their patients (verbal and written) instructions for taking 
medication, feedback on clinical outcomes, encouragement to adhere, and tai-
lored medication planning including linking the intake of medication to daily rou-
tines, and the use of reminder devices, week boxes, and practical social support. 
The nurses who delivered higher quality care also had continued attention for 
adherence problems and solutions during follow-up, and provided materials (e.g., 
alarm devices) and a telephone number in case of problems. For a more detailed 
TAU description, please see Oberjé et al. [28], or chapter 5 of this thesis.

The Adherence Improving self-Management Strategy
The theoretical framework and the practical application of the AIMS-intervention 
has been described in detail elsewhere [20,21,26]. In brief, trained HIV-nurses use 
an online intervention to guide patients (one-on-one sessions delivered during 
routine clinical visits) through several intervention modules, to (1) enhance pa-
tients’ knowledge and understanding of the treatment, and the importance of ad-
herence; (2) clarify, using exemplar MEMS-reports, how adherent patients would 
like to be (a ‘desired status’), their motivation for that (link to personally relevant 
goals and values), and then examine patients’ own adherence reports (calendar 
and chronology plots, based on data assessed with the MEMS-caps). This strat-
egy aims to reinforce good adherence and build motivation for improving adher-
ence when suboptimal; (3) develop two types of plans: (i) an action plan detailing 

where, when, and how to take the medication; (ii) a coping plan that anticipates 
personal barriers to adherence and strategies to overcome these; (4) assess, 
again using exemplar MEMS-reports, how patients would like their adherence 
reports to look like at the next visit (intention formation), and assess confidence 
in their ability (i.e., self-efficacy) to accomplish that with the action plans formu-
lated in step 3. If self-efficacy is low, the causes of that are explored and addressed 
through either improving the action/coping plans or through lowering the pa-
tients’ ambitions (setting challenging but realistic goals and promote a graded 
approach towards achieving the final adherence goal). (5) Patients are asked to 
self-monitor their medication intake, any difficulties they experience, and generate 
solutions to overcome these [29]. Patients are offered a so-called SMART-cap, 
which is a MEMS-cap with a display on top showing how often the pill bottle has 
been opened that day, to facilitate direct feedback of behavior. Nurses ask patients 
to contact them in case of difficulties. Patients then leave the clinic, implement 
their action plans, and use the MEMS/SMART-cap. (6) During consecutive visits, 
patients’ new adherence reports are examined and the previous action/coping 
plans evaluated. Patients continue with identifying problems and solutions until 
their actual medication intake matches their desired status, after which a coping 
plan for behavioral maintenance is formulated (identifying factors that might 
disrupt new routine and how to overcome these). Note that the first intervention 
session is slightly different for treatment-initiating patients [see 26].

Nurses were explained that patients had to receive an AIMS-intervention at least 
at baseline and at the time of the follow-up measures (Time points 1 and 2), 
during routine clinical visits. In case patients had major difficulties and adherence 
was poor, nurses were asked to act in the same way as they would do if such prob-
lems occurred during their usual care (i.e., make an extra appointment, or have 
a longer session). All clinics see patients initiating their treatment more often 
during the first months of treatment initiation (typically every 4 weeks). Nurses 
had the freedom to integrate the AIMS-intervention in these visits as deemed 
suitable. Hence, although a minimal dose of the intervention was expected to be 
delivered, the aim was very much to see how the intervention would perform as 
part of routine clinical care (i.e., a pragmatic trial) [30,31].

Outcome Measure, Statistical Analyses, and Sample Size
The study was powered to detect an effect on plasma viral load, measured at three 
consecutive time points (Time points 1, 2, and 3). A sample of 230 randomized 
patients was required to obtain 80% power to detect a significant intervention 
effect on viral load for at least one of three time points with alpha = .05 (two-sid-
ed), using a Bonferroni correction. The sample size calculation was conservatively 
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based on a dichotomous outcome variable (detectable versus non-detectable 
viral load) using the following assumptions: (a) 21 nurses deliver the AIMS-in-
tervention and TAU, (b) a nurse recruits on average 11 patients for the trial, (c) a 
maximum dropout rate of 10%, (d) 20% of treatment experienced-patients and 
all treatment-initiating patients have a detectable viral load at baseline, and (e) 
depending on the nurse, (i) 60% to 80% of the patients receiving TAU achieve an 
undetectable viral load during follow-up, and (ii) the percentage of undetectable 
viral loads increases for patients in the intervention condition by 5 to 20 percent-
age points (12.5% on average, based on the effects observed in the RCT) [21]. This 
sample size computation took into account that baseline viral load would be used 
as a covariate to enhance power [21,32], and that a multilevel model with random 
intercepts and random treatment effects at the nurse level would be used.

The primary analysis was an intent-to-treat analysis using a mixed-effects (multi-
level) model [33,34]. A factor for time point (3 levels), group (2 levels), and their 
interaction were the primary variables of interest. Baseline viral load and a dummy 
variable to distinguish treatment-experienced from treatment-initiating patients 
(the stratification variable) were added to the model as covariates. Viral load val-
ues were log-transformed before the analysis. Values for undetectable viral loads 
were conservatively replaced by the corresponding detection limit. To account for 
the nesting of the three follow-up measurements within patients and the nesting 
of patients within nurses, random intercepts at the patient and nurse level were 
added to the model. Since nurses administered both the control and intervention 
treatment, and may differ in how well they implement the intervention, a random 
group effect was added at the nurse level (and allowed to be correlated with the 
random intercepts at the same level). The model was fitted using restricted maxi-
mum likelihood estimation.

The time point, group, and time-by-group interaction were tested with Wald-type 
F-tests. Marginal contrasts were estimated based on the model and tested with 
Wald-type t-tests. For easier interpretation, estimated group differences (with 
corresponding 95% CIs) were exponentiated and therefore reflect viral load ratios 
of the control versus the intervention group. To examine the consistency of the 
intervention effect, the random group effect at the nurse level was tested using 
a likelihood ratio test. Post model fitting checks included examining the size and 
distribution of the random effects and residuals and checking for autocorrelation 
in the residuals.

The primary analysis was supplemented by dichotomizing the viral load values 
into undetectable versus detectable viral loads, based on the viral load detection 

limit used in each respective clinic. A three-level mixed-effects logistic regression 
model [34] was then fitted to these data with fixed and random effects as described 
previously, with the addition of the detection limit of the test as an additional co-
variate. For both mixed effects models it is important to note that because baseline 
(log) viral load is entered as a covariate rather than as a repeated measure, the 
time-by-group interaction tests whether there is a change over time in the size of 
the group difference during follow-up (i.e., a non-significant interaction would reveal 
that the intervention effect is stable over time). The intervention effect itself is test-
ed by a between-group contrast across the three follow-up time points.

Finally, data across time points were aggregated by determining which patients had 
detectable viral loads on two consecutive measurement occasions (again based on 
the detection limit of the viral load test in the respective clinic), which we defined as 
treatment failure. This outcome was analysed with a two-level mixed-effects logistic 
regression model with random effects at the nurse level. The logistic regression 
models were fitted using maximum likelihood estimation and Wald-type chi-square 
and z-tests were used to test the significance of the fixed effects in the model.

Analyses were carried out in R (version 3.1.2) using the ‘nlme’ package [33], and Sta-
ta (version 13.1) using functions mixed and meqrlogit.

Results

Descriptives
Of the 894 patients approached, 290 (32%) agreed with participation. The main 
reasons for refusal were the design of the MEMS-cap (a problem on which we have 
previously reported) [21], lack of willingness to participate in research in general, 
perceiving the topic of the study to be confronting, and other factors related to 
study burden (e.g., questionnaire completion; see flowchart in Figure 1). Of the 
consenting treatment-experienced patients, 66 had optimal adherence during the 
baseline measurement and were thus excluded. Hence, 224 patients were random-
ized. One patient was incorrectly randomized (a patient who had not been taking 
medication for several years and did not plan to start) and therefore excluded from 
the study (formal procedures were followed) [35]. Hence, the intent-to-treat sample 
comprised 223 patients. The majority was male (84%), Caucasian (65%), with an 
average age of 44 years (SD = 10.89) and a low-to-medium educational level (78%). 
About half of the patients included were treatment-experienced (34% with a detect-
able viral load at baseline), the other half treatment-initiating. See Table 1 for further 
descriptive statistics.
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The mean duration of follow-up of study participants was 14.6 months (SD = 2.7, 
range = 9.5 to 23.8). Intervention patients attended on average 85% of all planned 
intervention visits, and this was higher for treatment-initiating (87%) than for 
treatment-experienced patients (82%). On average, the delivery of the interven-
tion took 10.3 additional minutes per routine clinic visit, which can mainly be at-
tributed to the first intervention visit.

All 223 patients provided a baseline viral load and 221 at least one viral load at 
follow-up. Of the two patients without follow-up viral loads, one was imprisoned 

and the other died because of heart failure (one in each group). The number of 
available viral loads was 213 at Time point 1, 212 at Time point 2, and 209 at Time 
point 3. Hence, there were 634 follow-up viral load measurements in total (4.37% 
missing, no difference between groups). Hundred ninety-five patients provided 
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Approached for
 participation 

(n=894)

Allocated to AIMS
(n=110)

Time Point 1
Lost to follow-upc (n=1)

Time Point 2
Died (n=1)

Time Point 3
Lost to follow-upc (n=1)

Died (n=1)

Allocated to TAU
(n=113)

Time Point 1

Time Point 2
Lost to follow-upc (n=1)

Died (n=2)

Time Point 3
Lost to follow-up (n=2)

Randomized (n=223)b

Excluded (n=670)
Refused participationa (n=604)

Optimal adherence during baseline period (n=66)

a  Most frequently reported reasons for refusal were: (1) inconvenient size and shape of the MEMS-cap; (2) 
fear for disruption of daily medication intake routine; (3) lack of willingness to participate in research in 
general; (4) perceiving the topic of the study as too confronting; and (5) too much study burden (e.g., 
questionnaire completion).

b  Initially, 224 patients were randomized. However, one patient was incorrectly randomized (a patient who 
had not been taking medication since several years and was not planning to start) and therefore excluded 
from the study.

c  Patients who switched between Dutch HIV-clinics continued the study.

Figure 1 | CONSORT Diagram Summarizing the Progress of Patients throughout the Trial Table 1 | Baseline Characteristics 

Characteristic Intervention group (N = 110) Control group (N = 113)

Female, n (%) 14 (12.7%) 22 (19.5%)

Age, years, mean (SD) 45.4 (11.0) 43.4 (10.8)

Ethnicity, n (%)
Caucasian
African
Caribbeana

Other

81 (73.6%)
16 (14.5%)
7 (6.4%)
6 (5.5%)

63 (55.8%)
21 (18.6%)
19 (16.8%)
10 (8.8%)

Education,b n (%)
Low
Medium
High

48 (43.6%)
40 (36.4%)
22 (20.0%)

46 (40.7%)
39 (34.5%)
28 (24.8%)

Sexual orientation, n (%)
Homosexual
Bisexual
Heterosexual

57 (51.8%)
11 (10.0%)
42 (38.2%)

64 (56.6%)
11 (9.7%)

38 (36.7%)

Treatment status, n (%)
Treatment-experienced
Treatment-initiating

52 (47.3%)
58 (52.7%)

58 (51.3%)
55 (48.7%)

CD4+ cell count, cells/mm3, mean (SD)
Treatment-experienced
Treatment-initiating

519.0 (222.3)
379.3 (246.9)

553.6 (233.8)
411.8 (204.3)

Plasma HIV-RNA, mean
log

 (SD)
Treatment-experienced
Treatment-initiating

1.74 (0.61)
4.83 (0.70)

1.83 (0.82)
4.30 (1.01)

a  Surinamese and Antillean. 
b  Categorization was based on the Dutch education system, ranging from (a) low: (less than) primary edu-

cation, lower secondary education; (b) medium: higher secondary education, lower vocational education; 
(c) high: higher vocational education, university.
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a viral load at all three time points. Reasons for missing data were collected (see 
Figure 1 Flowchart). Two patients had missing data at Time point 3 because they 
completely stopped using medication and dropped out of treatment. Since these 
data are possibly not missing at random, their missing viral load was replaced by 
a detectable viral load (i.e., we imputed a randomly selected baseline viral load 
value from patients initiating treatment).

All decisions above were based on consensus of at least two members of the 
study team, and blinded to group. The statistician conducting the analyses below 
was also blinded to group.

Primary Analysis
The mixed-effects multilevel model showed that the intervention was effective 
across the three time points (F(1, 199) = 7.23, p = .008). Overall, patients in the 
control group had viral loads that were on average 1.28 times (95% CI: 1.06 to 
1.55) higher than those in the intervention group. There was no indication of a 
change in the intervention effect across the follow-up measures (time-by-group 
interaction (F(2,409) = 0.74, p = 0.48) or an overall effect of time regardless of 
group (F(2, 409) = 0.64, p = .53). There was no significant variability of the treat-
ment effect across nurses (p = .13).

Post model fitting checks revealed that a small number of the viral load measure-
ments (11 out of 634) were quite high (above 1,000 copies/ml, with a maximum of 
225,014) and led to some noteworthy outliers and an extremely large correlation 
between the random intercepts and group effects at the nurse level (p = .92). Cen-
soring these values at 1,000 copies/ml resolved these issues, but did not alter any 
of the previous conclusions.

Table 2 | Patients with an Undetectable Viral Load at Each Time Point (95% CI)

Treatment Group Follow-Up 1 Follow-Up 2 Follow-Up 3

Intervention group 
(AIMS)

76.6% (N = 107)
(67.3%, 84.0%)

85.6% (N = 104)
(77.0%, 91.4%)

88.1% (N = 101)
(79.8%, 93.4%)

Control group (TAU)
74.5% (N = 106)
(65.0%, 82.3%)

76.9% (N = 108)
(67.6%, 84.2%)

81.5% (N = 108)
(72.6%, 88.1%)

Secondary Analyses
The three-level mixed-effects logistic regression model, in which the viral load val-
ues were dichotomized into detectable versus undetectable viral load, confirmed 
the previous results. The group effect was significant, (χ2(df = 1) = 4.62, p = .03), 
while the time-by-group interaction (χ2(df = 2) = 1.36, p = .51) and the time effect 
(χ2(df = 2) = 5.49, p = .06) were not. The close to significant time effect suggests 
a possible increase in the proportion of patients with an undetectable viral load 
over the three follow-up time points, irrespective of group. Overall, patients in the 
intervention group had a 2.03 times higher odds of having an undetectable viral 
load across the three time points (95% CI 1.06 to 3.89). The nurse level variability 
in the treatment effects was again not significant (p = .99).

Considering the analysis for treatment failure, 19 out of the 113 patients in the 
control group (16.8%, 95% CI: 10.8% to 25.5%) and 8 out of the 110 intervention 
patients (7.3%, 95% CI 3.5% to 14.4%) had two consecutive detectable viral loads 
post-randomization. The two-level logistic regression model for treatment fail-
ure indicated a significant group difference (χ2(df = 1) = 5.45, p = .02). The odds 
of treatment failure were 3.08 times higher in the control group (95% CI 1.18 to 
7.94). Again, no heterogeneity in treatment effects was observed across nurses (p 
= 1.0).

Note that both secondary analyses yielded the same results when a cut-off of 75 
copies/ml was used (the highest detection limit used in one of the clinics).

 
Discussion

The objective of the current study was to provide a definitive test of the Adherence 
Improving self-Management Strategy [20,21]. The intervention was delivered by 
trained nurses during routine clinical visits, and its effectiveness was examined 
in a pragmatic multi-center trial targeting a heterogeneous group of patients. The 
primary (log viral load) and secondary (detectable versus undetectable viral load, 
and two consecutive detectable viral loads) intent-to-treat analyses all showed 
significant and clinically meaningful effects on viral load. Hence, this trial demon-
strates that AIMS is effective when delivered by minimally-trained nurses during 
routine clinical visits. By extension, this study is the first to provide compelling 
evidence that behavioral interventions that incorporate feedback of electronical-
ly-monitored medication intake data can have an impact on objective, unbiased, 
clinical outcomes in HIV care.
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Despite these positive findings, it should be noted that study refusal rates were 
high. This was partly because patients were not willing to participate in a long 
study, found the intervention too confronting, and did not want to complete 
questionnaires. We also observed notable variations in recruitment rates between 
clinics, suggesting that how patients were approached for study participation or 
how research-active their clinic was might have been an important factor. A major 
issue was also the design of the MEMS-caps: a bulky pill-bottle cap that fits only 
on single-compartment pill bottles. This issue has also been raised by us and 
others before [20,21,36], and seems to be a barrier particularly for patients who 
use a 7-day pill organizer, or who prefer to use a pill container that can be carried 
around discreetly. Nevertheless, if the intervention would be implemented in 
routine clinical care, the uptake of the intervention should be considerably higher 
for various reasons. First, it will not involve all the additional research activities, 
such as completing questionnaires and an informed consent procedure. Second, 
patients will be familiar with electronic medication monitoring from the start of 
their treatment and it will simply be presented as being part of routine care. Third, 
nurses will have more experience in introducing the devices and can now state – 
based on this trial – that it does help patients to enhance control over their adher-
ence and clinical outcomes. And fourth, patients can already choose from a range 
of more patient-friendly electronic monitoring devices today, and choices will only 
expand over the next years. Hence, whereas high study refusal rates were a prob-
lem for the feasibility of this trial, this would be much less of an issue if the trial 
would be initiated today, or rolled out in routine care over the next years.

It is informative to compare the results, strengths and limitations of this AIMS 
trial with what is perhaps the most promising trial in the literature that evaluated 
a comparable electronic monitoring-based adherence intervention (Managed 
Problem Solving, or MaPS) in HIV-care [24]. MaPS is delivered outside of routine 
clinical care by specially trained staff. MaPS is more labour intensive than AIMS: 
approximately 250 minutes face-to-face contact plus 22 telephone calls per patient 
over a 12-month period, compared with 35 minutes per patient over 14.6 months 
follow-up in the current trial. Gross and colleagues reported significant effects for 
their primary outcome adherence, but not quite for their secondary outcome viral 
load (1.48, 95% CI 0.94 to 2.31). AIMS has demonstrated significant effects on 
adherence as well as on viral load in our first RCT [21], and this effect on viral load 
has been replicated in the current pragmatic trial. AIMS also seems to produce 
larger effects on viral load than MaPS (OR 2.96 (95% CI 1.00 to 8.74) in the sin-
gle-center trial; OR 2.03 (95% CI 1.06 to 3.89) in the current trial). This is despite 
the fact that the risk of contamination (albeit to a limited extent since intervention 

materials could not be accessed for control group patients) in the AIMS trial was 
higher [27]. A major strength of Gross’ trial, however, was the very high proportion 
of eligible patients that agreed to be randomized (95%). This may be explained by 
the fact that patients were reimbursed for completion of study measures: $30 per 
data visit and a total of $270 if all visits were completed [24] and, second, that the 
health care providers in the MaPS trial were very enthusiastic about not having to 
deal with adherence issues themselves, and this enthusiasm might have encour-
aged patients to participate (personal communication with Dr. Gross). Dropout 
rates however were higher than in AIMS: 36% in the intervention and 26% in the 
usual care arm, compared with 5% and 4% in the current trial. Hence, compared 
with MaPS, AIMS seems to require fewer resources, to be more effective, and its 
results have been replicated. MaPS attracts more eligible patients into the study 
(although the financial incentives in MaPS may give a somewhat distorted pic-
ture), but attrition was considerably higher in MaPS. Despite these limitations, 
both interventions contribute to the increasing evidence-base that this type of 
intervention is feasible and effective, although the considerably lower amount of 
resources required for AIMS delivery combined with the larger effects on viral load 
make AIMS more likely to be cost-effective.

In conclusion, the current trial convincingly demonstrates the effectiveness of the 
AIMS-intervention on viral load. To our knowledge, AIMS is the only adherence 
intervention which has demonstrated a replicable effect on clinical outcomes in 
two trials. As viral blips, and in particular repeated detectable viral loads, are a 
risk factor for subsequent virological failure, it is reasonable to assume that this 
might prevent the development of viral resistance and reduce the risk of forward 
transmission of (resistant) HIV. The intervention was delivered by nurses during 
routine clinical visits, requiring a modest amount of resources. Although an effect 
on patient health and quality of life was not be expected within the time window 
of this trial, a cost-effectiveness modeling study with a longer time horizon should 
reveal whether these effects translate into benefits for society. 
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T Introduction

Non-adherence to combination Antiret-
roviral Therapy (cART) is common and 
can have substantial clinical and eco-
nomic consequences. The theory- and 
evidence-based Adherence Improving 
self-Management Strategy (AIMS) is a 
nurse-based counseling intervention 
that has been demonstrated to improve 
adherence, viral suppression rates, and 
treatment success rates in (multi-cen-
ter) randomized controlled trials. How-
ever, its cost-effectiveness is not yet 
investigated. 

Methods
We examined the cost-effectiveness 
and cost-utility of the AIMS-interven-
tion compared to treatment-as-usual 
(TAU) from a societal perspective, with 
a time horizon of one year. Measures 
included log-transformed plasma viral 
load, treatment failure, and utilities. 
Non-parametric bootstrap simulations 
were performed to quantify the uncer-
tainty around the mean estimates, and 
cost-effectiveness acceptability curves 
were generated. Sensitivity analyses 
were performed on uncertain parame-
ters. 

Results
Twenty-one HIV-nurses working in sev-
en Dutch HIV-clinics randomized 223 
patients (110 treatment-experienced 
and 113 treatment-initiating patients). 
For the analysis from the societal per-
spective using utilities as the outcome 
parameter, the base case cost-effec-
tiveness probability was between 55% 

and 53% when ranging the ceiling ratio 
from €0 to €70,000 per quality-ad-
justed life year. The primary sensitivity 
analyses showed a probability of 80% 
to 68% of AIMS being cost-effective 
using the same ceiling ratios. The prob-
ability that AIMS is cost-effective using 
viral loads as outcome parameter was 
55% to 95% when ranging the ceiling 
ratio from €0 to €5,000 (and higher) 
for one log decrease in viral load and 
53% to 95% when ranging the ceiling 
ratio from €0 to €14,000 (and higher) 
for one prevented treatment failure. 

Conclusions
The results from the cost-effectiveness 
analysis strongly indicate that the 
AIMS-intervention is cost-effective, 
even within the one-year trial period. 
However, for the cost-utility analysis 
this depended on the approach taken. 
A model-based economic evaluation, 
including projections of avoided viral 
resistance and reduced onwards trans-
mission of HIV, should reveal how 
cost-effective AIMS is in the long run.

Introduction

Adherence to combination Antiretroviral Therapy (cART) is critical to the suc-
cessful treatment of HIV [1]. However, non-adherence to cART is common [2,3], 
can lead to viral replication, poor outcomes for patients (e.g., treatment failure, 
opportunistic infections, quality of life) [4-8], and to an increased risk of forward 
transmission [9,10]. Moreover, non-adherence has been associated with a sub-
stantial economic burden [11-16]. Hence, interventions that successfully increase 
adherence may yield benefits for patients and public health, and reduce the socie-
tal burden of non-adherence to cART.

A large number of interventions aimed at enhancing adherence to HIV-treatment 
have been developed and evaluated, which showed mixed effects [17-24]. Although 
a meta-analysis suggests that the quality of adherence support can explain up 
to 50% of HIV treatment success rates [18], there is little direct experimental ev-
idence that adherence interventions can have an impact on objective, clinically 
relevant outcomes. Additionally, a recent systematic review of cost-effectiveness 
evaluations of adherence interventions [25] found only one high-quality economic 
evaluation in HIV-care suggesting that the intervention under study was cost-ef-
fective [26]. However, the content of this intervention has not been described any-
where and no evidence is given that the intervention was effective. Clearly, there is 
a need for high-quality evidence on the effectiveness and cost-effectiveness of an 
established, well-described adherence intervention in HIV-care.

One promising intervention that has shown positive effects on both adherence 
and plasma viral load is the Adherence Improving self-Management Strategy 
(AIMS) [3,27]. AIMS is a face-to-face intervention delivered by trained HIV-nurses 
during routine clinical visits. A core element of AIMS is the continuous measure-
ment of patients’ medication intake with an electronic medication monitor (Med-
ication Event Monitoring System, or MEMS, MWV Healthcare). These data are 
printed in simple reports that patients and nurses discuss to identify problems 
and tailor solutions. The discussion of these reports is enhanced with educa-
tional, motivational interviewing, and goal-setting strategies. A pilot-study and a 
randomized controlled trial demonstrated the acceptability and feasibility of AIMS 
[3,27], and AIMS was found to improve adherence and viral suppression rates 
among 133 patients in a 9-month randomized controlled trial in a large Dutch 
HIV-clinic. Moreover, the effectiveness study in chapter 6 of this thesis showed 
that AIMS improved (log-transformed) viral load and treatment success rates in 
this large-scale multi-center randomized controlled trial. Yet, the cost-effective-
ness of AIMS has not been examined so far. 
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This trial-based economic evaluation examines whether the AIMS-intervention can 
produce health and economic benefits from a societal perspective, with a time hori-
zon of one year. The objective is to assess the cost-effectiveness and cost-utility of 
using AIMS among HIV-infected patients, compared to treatment-as-usual (TAU). 
Differences in societal costs will be examined against the effects on viral load (log 
plasma viral load and treatment failure) and utilities.

Methods

The trial design paper has been published elsewhere [28]. A separate article has 
been published to elaborate on the strategies used for reducing the risk of bias in 
this trial [29]. We will therefore only briefly report the methodology in the current 
paper. The study has been registered on clinicaltrials.gov (Identifier: NCT01429142).

Study Design and Patient Recruitment
This trial-based economic evaluation was embedded in a multi-center randomized 
controlled trial that examined the effectiveness of the AIMS-intervention [28]. The 
trial had a planned follow-up period of 12 to 15 months (allowing for some variabil-
ity depending on patients’ usual visit intervals). From June 2011 to March 2013, 
patients were recruited by 21 HIV-nurses from seven Dutch HIV-clinics. Both treat-
ment-initiating and treatment-experienced patients were eligible for the study. Treat-
ment-experienced patients (using cART for at least nine months and starting cART 
after 1996) were eligible if they were at-risk, i.e., if they had suboptimal viral sup-
pression (at least one plasma viral load ≥ 40 copies/ml) over the last three years, 
and suboptimal adherence levels measured with MEMS during a 2-month baseline 
assessment period (< 95% adherence on a BID (twice-daily) regimen or < 100% 
adherence on a QD (once-daily) regimen). All treatment-initiating patients were 
eligible. Exclusion criteria were: age < 18 years, severe psychiatric disorders, preg-
nancy, plans to interrupt treatment or change clinics in the next year, life expectancy 
less than one year, not able to communicate with the nurse without an interpreter, 
and not taking medication autonomously.

Patients were randomly assigned to either the intervention group or TAU. Note 
that adherence was assessed among only 50% of the control group participants to 
reduce study burden. Patients were randomized within nurses to avoid recruitment 
bias. Block randomization was used to balance intervention and control patients 
within nurses, and the randomization procedure was stratified for treatment expe-
rience. Written informed consent was obtained from each patient. The study has 
been approved by the ethics committee of each participating center. 

Intervention
The AIMS-intervention consisted of at least three one-on-one intervention ses-
sions during routine consultations with the HIV-nurse. Nurses were able to make 
additional appointments when perceived necessary, which can also occur in rou-
tine care. Central to AIMS is electronic adherence monitoring using MEMS-caps. 
MEMS-caps are electronic pill caps registering the date and time of opening. 
The data from MEMS-caps can be printed in plots showing medication intake 
patterns, allowing for a detailed analysis of adherence barriers and potential solu-
tions to deal with these. The discussion of these reports is enhanced with educa-
tional, motivational interviewing, and goal-setting strategies. The intervention has 
been described in more detail elsewhere [3,27,28].

Treatment-As-Usual
Accurate descriptions of TAU provided to control group patients is important, 
since the quality and effectiveness of standard care is likely to vary considerably 
between clinics and trials, which can in turn influence effect sizes [18,30]. In order 
to determine the active content of usual adherence care, the HIV-nurses were 
asked to fill out a semi-structured questionnaire with seven open questions (TAU 
open-questionnaire) [31]. The TAU open-questionnaire explores the adherence 
care that HIV-nurses routinely deliver to the majority of their patients. The re-
ported activities were coded using an adherence-adapted taxonomy of behavior 
change techniques [18,30]. Detailed information on the TAU behavior change tech-
niques coded for each nurse can be found elsewhere [31], and in chapter 5 of this 
thesis.

Sample Size
The sample size was calculated based on the outcome measure for the effective-
ness study (i.e., plasma viral load). A sample of 230 randomized patients was 
required to obtain 80% power to detect a significant intervention effect on plasma 
viral load at one of the three follow-up time points with alpha = .05 (two-sided), 
using a Bonferroni correction. An expected drop-out rate of 10% was taken into 
account. The assumptions of the sample size calculation have been described in 
more detail elsewhere [28], and in chapter 3 of this thesis.

Identification, Measurement, and Valuation of Costs
The cost-effectiveness and cost-utility analyses were conducted from the societal 
perspective, which implies that all costs and benefits are included, irrespective of 
who bears the costs or receives the benefits [32]. The following cost components 
were measured: (a) direct costs (i.e., intervention costs and other health care 
costs), and (b) indirect costs (i.e., informal care costs, paid home care, loss of 
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productivity in paid work due to absenteeism, absence of school, and being unable 
to perform domestic activities).

The intervention costs can be categorized into four components: (1) a three-day 
AIMS-training for nurses (four hours each day), with groups of 8-12 nurses per 
training; (2) a 1.5-hour booster session in groups of two or three nurses; (3) the 
MEMS-caps used by intervention patients; and (4) the additional minutes for a con-
sultation required to deliver the AIMS-intervention. The additional minutes required 
for delivering intervention elements were self-reported by nurses at the end of each 
study visit.

Paper-and-pencil questionnaires were used to assess health care consumption and 
indirect costs. Treatment-experienced patients completed retrospective question-
naires during the planned study visits at baseline (T1), at 4-5 months (T2), 8-10 
months (T3), and 12-15 months follow-up (FU). Treatment-initiating patients com-
pleted questionnaires at baseline (T1), at 3-4 months (T2), 6-7 months (T3), 9-10 
months (T4), and 12-15 months follow-up (FU). The recall period was 4 months for 
the T1 and FU questionnaires. The recall period for the intermediate questionnaires 
was variable: patients were asked to report health care consumption since the last 
time they completed the questionnaire. These recall periods were standardized to 
4 months during the statistical analysis. When T1 and FU questionnaires were not 
completed by one week after the invitation, the HIV-nurse phoned to remind the 
patient to complete the questionnaire. This was purposively not done for the inter-
mediate questionnaires, as additional nurse-patient contacts during the trial would 
interfere with the intervention. Medical records were additionally used to collect 
data on health care consumption within the hospital (i.e., visits to medical special-
ists, medication, and blood tests).

The updated Dutch manual for cost analysis in health care research was used to 
value health care use and patient costs [33]. Standardized prices were used, but if 
not available real costs or tariffs to estimate costs were utilized. The lowest prices 
were used in case of uncertainty. Costs of medication were calculated using prices 
based on Daily Defined Dosage (DDD) taken from the website of the Healthcare 
Insurance Board [34]. Prices of informal care, absence of school, and being unable 
to perform domestic activities were based on shadow prices based on the Dutch 
minimum wage [33]. Productivity losses were calculated according to the friction 
cost method, based on the mean income of the Dutch population corrected for age 
and gender [33]. The friction costs method takes into account production losses 
confined to the period needed (i.e., 90 days) to replace a sick employee. Costs were 
expressed in Euros and were converted (if necessary) to the price year 2013. Costs 

and effects were not discounted to adjust for differential timing because the costs 
were standardized to 12 months.

Identification, Measurement, and Valuation of Effects
The primary outcome measure for the cost-effectiveness analysis was the log-trans-
formed plasma viral load. The secondary outcome measure was treatment failure, 
defined as two consecutive detectable viral loads. Plasma viral loads were usually 
measured two weeks before or on the day of routine care visits. The outcome mea-
sure for the cost-utility analysis was utilities measured in quality-adjusted life-years 
(QALYs). Utilities were measured using the Short Form Health Survey version 2 (SF-
12v2), at the same time points for measurement of health care consumption (see 
previous section). The SF-12v2 is a validated measure of General Health Function 
developed by RAND [35,36]. The SF-12v2 uses twelve questions to measure per-
ceived functional health and well-being, and covers eight health domains (i.e., phys-
ical functioning, role-physical, bodily pain, general health, vitality, social functioning, 
role-emotional, and mental health). Utilities were computed using a transformation 
algorithm [37]. The utility scores (four scores for treatment-experienced and five for 
treatment-initiating patients) were transformed into an overall QALY score using the 
area under the curve method. The area under the curve is the duration of the health 
state multiplied by the quality weight for the health state. The resulting utility score 
represents the number of QALYs gained or lost during the follow-up period.

Analyses
All analyses were performed based on the intention-to-treat principle. Missing data 
were imputed (i.e., viral loads, utilities, and health care consumption components 
retrieved from the questionnaires). Missing data met missing at random assump-
tions, because educational level and ethnicity were related to the number of miss-
ing values, but were not related to either plasma viral load, utilities, or any of the 
health care consumption components. Missing data on utilities and health care 
consumption were replaced by values generated using the expectation maximiza-
tion approach [38]. As predictor values we used costs and utilities on the other time 
points, educational level, ethnicity, gender, age, and years since diagnosis. All base-
line plasma viral loads were available, and missing data on the other points was low 
(4.4%). Due to lower-bound censoring of viral loads and the skewed (log) viral load 
distributions, expectation maximization did not yield credible values. We therefore 
employed interpolation to estimate the missing data points. If interpolation was not 
possible (e.g., if the viral load at follow-up was missing), a last observation carried 
forward procedure was applied. If last observation carried forward was not mean-
ingful (e.g., if treatment-initiating patients only had a baseline viral load), a sample 
mean imputation procedure was applied.
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In both the effectiveness and cost-effectiveness analyses, it was planned a-priori 
to control for baseline values of the dependent variables in order to enhance pre-
cision in the effect size estimate [28,39]. Here, the delta adjustment method was 
used [40]. The base case analysis considers the costs and benefits over the full 
trial period. The total costs were adjusted individually by subtracting the baseline 
costs (the 4 months recall period was multiplied by 3) from total post-randomiza-
tion costs (which were standardized to 12 months).

Both the incremental costs and incremental effects were used to calculate the 
incremental cost-effectiveness ratio (ICER). The ICER was calculated as (C intervention 
– C control group) / (E intervention – E control group), where ‘C’ reflects the average participant 
costs and ‘E’ are the effects or the utilities in the experimental and control condi-
tions. The ICER represents the additional costs that AIMS imposes over TAU, with 
respect to the effects it delivers. To handle stochastic uncertainty in the cost and 
effect data, non-parametric bootstraps were used to simulate 5,000 ICERs. The 
ICERs were plotted on a cost-effectiveness plane to capture the uncertainty in the 
ICER estimate. Each simulated ICER can be plotted on one of the four quadrants 
of the cost-effectiveness plane. In the North-East quadrant the intervention pro-
duces superior health gains at additional costs relative to the control condition. 
In the North-West quadrant less health is produced to additional costs. The inter-
vention is therefore ‘inferior’ to the control condition. In the South-West quadrant 
less health is produced, but there are cost savings. In the South-East quadrant 
the intervention generates superior health gains and does so for lower costs. The 
intervention therefore ‘dominates’ the control condition.

The choice for a treatment depends on what society is prepared to pay for a gain 
in one QALY, the so called ceiling ratio. In the present study, we used a threshold 
of €18,000 per QALY because this is an accepted Dutch cut-off point for the will-
ingness to pay per QALY [41]. The AIMS-intervention was deemed to be cost-effec-
tive if the ICER of AIMS fell below this threshold. A Cost-Effectiveness Acceptabil-
ity Curve (CEAC) was constructed to show the probability that the AIMS-interven-
tion is cost-effective given different ceiling ratios.

Sensitivity Analysis
There were two major uncertainties in the base case. First, a large amount of data 
was missing at the intermediate time points: approximately 50% of the patients 
did not complete the T2, T3 and T4 questionnaires. Studies suggest that imputing 
such large percentages of data can lead to a considerable bias [42]. At baseline 
and follow-up missing data percentages were much lower (for details see Figure 
1). Second, at baseline and follow-up, patients were asked to report on their health 

care consumption over the last 4 months. At intermediate measures, patients 
were asked to report their health care consumption since the last time that they 
completed the questionnaire, to account for variability in visit intervals between 
and within patients (note that these intervals were standardized to 4 months). 
However, because of larger-than-anticipated differences in visit intervals between 
completed questionnaires, this resulted in self-reports over considerably differ-
ent recall periods, which introduces concerns about the comparability and the 
precision of the data. To make allowance for these uncertainties [43], the primary 
sensitivity analysis was to only use the data from baseline and end of follow-up 
were utilized, since (a) only 25% data was missing on baseline and end of fol-
low-up time points; and (b) the same recall period was used at these time points. 
A second sensitivity analysis was conducted to examine the possible impact of the 
data imputation method utilized in the base case. In that analysis, missing data 
on health care consumption and utilities were replaced by individual mean impu-
tation (as opposed to expectation maximization), which is recommended as an 
alternative imputation method for economic evaluations [44].

Results

Sample Characteristics
Table 1 shows the demographic and clinical details of the study participants. In 
total, 223 patients were randomized (intervention, N = 110; control group, N = 
113). Their mean age was 44 years (SD = 10.89), most participants were male 
(84%), and Caucasian (65%). Half of the participants were treatment-experienced 
(N = 110), the others were treatment-initiating. Treatment-initiating patients had 
high viral loads (M

log
 = 4.57, SD = 0.90, range = 2.0-7.0) and an average CD4+ cell 

count of 395/ul (SD = 226.7, range = 0-1,620). Of the treatment-experienced pa-
tients, 34% had a detectable viral load at baseline (M

log
 = 1.79, SD = 0.73, range = 

1.3-5.88) and they had a higher CD4+ cell count than treatment-initiating patients 
(M = 537/ul, SD = 228.1, range = 100-1,175). Figure 1 shows the CONSORT patient 
flow-chart summarizing patient progress throughout the trial.

Costs and Effects
Table 1 shows the baseline costs and effects for randomized patients. Neither the 
individual cost components, nor the total baseline costs differed significantly (t = 
0.30, 95% CI: -1,261 to 1,709) between intervention participants (M = €4,539, SD 
= 5,934) and control participants (M = €4,314, SD = 5,309). The baseline utility 
scores were also similar (t = 0.45, 95% CI: -0.02 to 0.04; M = 0.705, SD = 0.113 
and M = 0.698, SD = 0.119, respectively). Baseline log plasma viral load levels 
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seemed slightly higher for intervention participants (M = 3.37, SD = 1.68) than for 
control participants (M = 3.03, SD = 1.54), although this did not differ significantly 
(t = 1.58, 95% CI: -0.09 to 0.77).

Table 2 shows the post-randomization costs and effects for intervention and 
control participants. The total intervention costs were €83 per patient per year. 
Neither the individual cost components, nor the total post-randomization costs 
differed significantly (t = 0.30, 95% CI: -1,668 to 2,266) between intervention 
participants (M = €14,633, SD = 8,569) and control participants (M = €14,334, 
SD = 6,175). The total direct cost were equal (t = 0.33, 95% CI: -1,654 to 558; M = 
€10,806, SD = 4,557 and M = €11,355, SD = 3,799 respectively), just as the total 
indirect costs that were equal (t = 0.26, 95% CI: -616 to 2,311; M = €3,827, SD = 
6,242 and M = €2,980, SD = 4,772, respectively). The post-randomization utility 
scores did not differ statistically (t = 0.59, 95% CI: -0.02 to 0.03) between inter-
vention participants (M = 0.730, SD = 0.10) and control participants (M = 0.722, 
SD = 0.10). The effectiveness analysis (see chapter 6) revealed that the interven-
tion was effective across the three time points (F (1,199) = 7.23, p = .008), when 
considering log-transformed plasma viral load. Viral loads among patients in the 
control group were on average 1.28 times (95% CI: 1.06 to 1.55) higher than those 
in the intervention group. Considering the analysis for treatment failure, a two-lev-
el logistic regression model indicated a significant group difference (χ2 (df = 1) = 
5.45, p = .02). The odds of treatment failure were 3.08 times higher in the control 
group (95% CI: 1.18 to 7.94). 

Cost-Effectiveness Analyses
ICERs were generated for the primary (log-transformed viral load) and secondary 
outcome measure (treatment failure). Both ICERs showed that the AIMS-interven-
tion dominates TAU. The AIMS-intervention was more effective (a larger reduction 
of log viral load and less patients failing on treatment) and less expensive (a larg-
er drop in societal costs between post-randomization and baseline), compared 
to TAU (for details see Table 3). The CEAC for the primary outcome measure (see 
Figure 2a) showed a stabilized 95% probability that the AIMS-intervention is 
cost-effective from a societal perspective for a ceiling ratio of €5,000 or higher per 
point decrease in log viral load. At a ceiling ratio of €2,000 the probability is 87%, 
at €1000 74%, and at €500 65%. The CEAC for the secondary outcome measure 
(see Figure 2c) showed a stabilized 95% probability that the AIMS-intervention 
is cost-effective from a societal perspective for a ceiling ratio of €14,000 or high-
er per percentage decrease of patients failing on treatment. At a ceiling ratio of 
€10,000 the probability is 91%, at €5,000 79%, at €2,000 66%, and at €500 the 
probability is 58%. The sensitivity analyses (using individual mean imputation as 

an alternative for expectation maximization to impute the missing cost data and 
utilities) showed robustness of these findings (see Figures 2b and 2d).

Cost-Utility Analyses
An ICER was generated for the base case of the cost-utility analyses. The ICER 
shows that the AIMS-intervention dominates TAU. The AIMS-intervention was 
more effective (only a minor gain in utilities) and less expensive (a larger drop in 
societal costs between post-randomization and baseline), compared to TAU (for 
details see Table 3). A large uncertainty interval was observed around the domi-
nant ICER. The CEAC showed there is a 55% to 53% probability that the AIMS-in-
tervention is cost-effective from a societal perspective for ceiling ratios ranging 
from €0 per QALY to €70,000 per QALY (see Figure 3a). The primary sensitivity 
analysis (using only data from baseline and follow-up, to minimize the required 
data imputation and standardization of recall periods), however, produced mark-
edly different results. The ICER also showed that the AIMS-intervention dom-
inates TAU, but the CEAC showed there is an 80% to 68% probability that the 
AIMS-intervention is cost-effective from a societal perspective for ceiling ratios 
ranging from €0 per QALY to €70,000 per QALY (see Figure 3b). The secondary 
sensitivity analysis (using individual mean imputation as an alternative for expec-
tation maximization) was in line with the base case findings, although the proba-
bility was slightly higher that the AIMS-intervention is cost-effective (around 59% 
irrespective of ceiling ratio, see Figure 3c).
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Characteristic
Intervention group 

(n=110)
Control group 

(n=113)

Female, n (%) 14 (12.7%) 22 (19.5%)
Age, years, mean (SD) 45.4 (11.0) 43.4 (10.8)
Ethnicity, n (%)

Caucasian
African
Caribbeana

Other

81 (73.6%)
16 (14.5%)
7 (6.4%)
6 (5.5%)

63 (55.8%)
21 (18.6%)
19 (16.8%)
10 (8.8%)

Education,b n (%)
Low
Medium
High

48 (43.6%)
40 (36.4%)
22 (20.0%)

46 (40.7%)
39 (34.5%)
28 (24.8%)

Sexual orientation, n (%)
Homosexual
Bisexual
Heterosexual

57 (51.8%)
11 (10.0%)
42 (38.2%)

64 (56.6%)
11 (9.7%)

38 (36.7%)
Treatment status, n (%)

Treatment-experienced
Treatment-initiating

52 (47.3%)
58 (52.7%)

58 (51.3%)
55 (48.7%)

CD4+ cell count, cells/mm3, mean (SD)
Treatment-experienced
Treatment-initiating

519.0 (222.3)
379.3 (246.9)

553.6 (233.8)
411.8 (204.3)

Plasma HIV-RNA, meanlog (SD)
Treatment-experienced
Treatment-initiating

1.74 (0.61)
4.83 (0.70)

1.83 (0.82)
4.30 (1.01)

Study outcome Costs per unit Mean (SD) Mean (SD)

Total direct costsc €2299.76 (2007.44) €2696.75 (2716.30)
Electronic monitorsd €38.33/monitor €0.00 (0.00) €0.00 (0.00)
Training costs AIMSe €7.52/patient €0.00 (0.00) €0.00 (0.00)
Booster training sessions 
AIMSf

€3.25/patient €0.00 (0.00) €0.00 (0.00)

Average additional minutes 
intervention visitg

€14.00/15 minutes 
consultation

€0.00 (0.00) €0.00 (0.00)

GP consultation
Visit
Home visit
Telephone consultation

€28.00/consultation
€43.00/consultation
€14.00/consultation

€39.02 (39.99)
€40.17 (91.17)
€3.50 (8.88)

€55.12 (142.75)
€126.89 (1057.20)

€3.06 (8.26)

Practice nurse
Visit
Home visit
Telephone consultation

€14.00/consultation
€9.00/consultation
€4.50/consultation

€4.91 (10.60)
€0.00 (0.00)
€0.53 (1.89)

€5.85 (10.83)
€0.00 (0.00)
€0.44 (1.82)

ID Physician €72.00/consultation €86.92 (47.88) €87.39 (59.01)

Study outcome Costs per unit Mean (SD) Mean (SD)

Other medical specialist €72.00/consultation €33.48 (77.62) €26.35 (50.89)

Physiotherapist €36.00/consultation €25.41 (66.88) €41.34 (144.66)

Acupuncture €36.00/consultation €1.27 (7.56) €2.48 (22.12)

Homeopathy €36.00/consultation €0.87 (5.25) €0.10 (0.28)

Psychologist €80.00/consultation €59.67 (170.24) €38.64 (97.13)

Psychiatrist €103.00/consultation €10.47 (49.81) €17.22 (90.24)

Psychotherapist €77.00/consultation €6.95 (19.95) €17.93 (127.08)

Social worker €65.00/consultation €6.57 (30.97) €14.13 (43.14)

Medication Price/drug €1515.31 (1936.50) €1838.81 (2083.00)

Hospitalization €457.00/night €252.03 (841.34) €148.14 (554.34)

Home care €70.00/hour €45.76 (184.39) €102.89 (527.55)

Plasma HIV-RNA test €150.00/test €160.91 (52.63) €163.27 (55.10)

CD4+ cell count test €5.21/test €5.77 (2.64) €6.02 (2.85)

Drug level test €25.00/test €0.23 (2.38) €0.66 (4.04)

Total indirect costs €2239.29 (5631.64) €1617.90 (4707.84)

Informal care €12.50/hour €102.03 (382.73) €60.15 (220.00)

Productivity losses Costs/hourh €1807.99 (5026.81) €1025.40 (3683.20)

School absence €12.50/hour €22.93 (70.50) €80.88 (716.53)

Unable to do domestic 
activities

€12.50/hour €306.33 (802.63) €451.46 (1517.17)

Total costs €4539.05 (5933.75) €4314.65 (5308.39)

Utilities N/A 0.705 (0.113) 0.698 (0.119)

Plasma HIV-RNAlog N/A 3.37 (1.68) 3.03 (1.54)

a Surinamese and Antillean. 
b Categorization was based on the Dutch education system, ranging from (a) low: (less than) primary edu-

cation, lower secondary education; (b) medium: higher secondary education, lower vocational education; 
(c) high: higher vocational education, university.

c The recall period was 4 months.   
d €38.33 per monitor per year is based on a price of €115 per MEMS-cap (when ordering 1,000 MEMS-caps) 

with a battery life of three years. The software required to read MEMS-monitors and to run the interven-
tion is included in this price.

e Total training costs were €13,740 (based on the tariff of a motivational interview trainer and productivity 
losses of HIV-nurses for attending the training). The total costs were spread over all eligible patients in 
the seven participating clinics (N = 1,826).  

f Total costs for booster sessions in pairs of two nurses were €5,940 (based on the tariff of a motivational 
interview trainer and productivity losses of HIV-nurses for attending the booster session). The total costs 
were spread over all eligible patients in the seven participating clinics (N = 1,826).

g The average additional time for an intervention visit was 10.3 minutes.
h Based on the mean income in the Netherlands, corrected for age and gender.

 Table 1 | Baseline Characteristics
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Discussion

This multi-center randomized controlled trial, with a time horizon of one year, in-
vestigated the cost-effectiveness and cost-utility of an electronic monitoring-based 
intervention (AIMS) to improve medication adherence among people living with 
HIV, compared to TAU. The AIMS intervention resulted in only a small gain in QA-
LYs, a considerable decrease in log viral load, and fewer patients failing on treat-
ment (almost 10% points). The total direct and indirect costs did not statistically 
differ between intervention and control participants. The probability that AIMS is 
cost-effective using plasma viral load as outcome parameter looks promising, but 
ultimately depends on the willingness to pay for a point decrease in plasma log 
viral load and treatment failure prevented. For the analysis from the societal per-
spective using utilities as the outcome parameter, the conclusions were less favor-
able for the AIMS-intervention. The base case cost-utility probability was between 
55% and 53% (which is nearly indifferent) when ranging the ceiling ratio from €0 
to €70,000 per QALY. The primary sensitivity analysis that was conducted to over-
come the main concerns with the base case data showed probabilities of 80% to 
68% for the same range of ceiling ratios. Also taking into account the relatively 
low costs of the AIMS-intervention (approximately €83 per patient per year), these 
results suggest that the AIMS-intervention can be cost-effective, even within the 
relatively short one year period.

Although all ICERs suggest that the AIMS-intervention dominates TAU, these 
point estimates should be interpreted with caution. Despite that the improve-
ments in plasma viral load and the reduction in treatment failure were statistically 
significant and also clinically meaningful, the increase in utilities and the decrease 
in societal costs were almost ignorable. For the cost-utility base case, QALYs im-
proved 0.0002 more for AIMS (0.0245) compared to TAU (0.0243) between base-
line and follow-up. The post-randomization societal costs were a little higher for 
the AIMS (€14,633; direct costs = €10,806; indirect costs = €3,827) than for TAU 
(€14,335; direct costs = €11,355; indirect costs = €2,980), but after performing the 
delta-adjustment they were lower for AIMS (€394; direct costs = €1,357; indirect 
costs = €-963) compared to TAU (€464; direct costs = €1,088; indirect costs = 
€-624). Therefore, although the presented ICERs show dominance of the AIMS-in-
tervention, these point estimates were based on only small reduction in societal 
costs and an ignorable improvement in utilities.

So far, only one cost-effectiveness study was conducted to examine an interven-
tion aimed at improving HIV-treatment adherence [26]. The authors concluded 

Randomized
(n=223)b

End of study
Response rate (n=84)

Lost to follow-up (n=1); Died (n=1)

Allocated to AIMS (n=110)

Intervention visit 1
Response ratec (n=79)

Intervention visit 2
Response rate (n=50)

Lost to follow-upd (n=1)

Intervention visit 3
Response rate (n=51)

Died (n=1)

Intervention visit 4e

Response rate (n=26)
Died (n=1)

End of study
Response rate (n=70)

Lost to follow-up (n=1)

Allocated to TAU (n=113)

TAU visit 1
Response rate (n=87)

TAU visit 2
Response rate (n=50)

TAU visit 3
Response rate (n=45)

Lost to follow-up (n=1); Died (n=2)

TAU visit 4e

Response rate (n=28)
Lost to follow-up (n=1)

Approached for participation
(n=894)

Excluded (n=670)
Refused participationa (n=604)

Optimal adherence during baseline period (n=66)

a  Most frequently reported reasons for refusal were: (1) inconvenient size and shape of the MEMS-cap; (2) 
fear for disruption of daily medication intake routine; (3) lack of willingness to participate in research in 
general; (4) perceiving the topic of the study as too confronting; and (5) too much study burden (e.g., 
questionnaire completion).

b  Initially, 224 patients were randomized. However, one patient was incorrectly randomized (a patient who 
had not been taking medication since several years and was not planning to start) and therefore excluded 
from the study.

c  The response rate reflects the number of patients that completed the SF-12v2 and the health care con-
sumption questionnaire.

d  Patients who switched between Dutch HIV-clinics continued the study.
e  Only treatment-initiating patients had a scheduled visit on T4.

Figure 1 | CONSORT Diagram Summarizing the Progress of Patients throughout the Trial

Chapter 7 Cost-Effectiveness and Cost-Utility of the Adherence Improving self-Management Strategy (AIMS) in HIV-Care



150 151

Follow-up costs and effects (12 months), Mean (SD)

Intervention group (N = 110) Control group (N = 113)

CD4+ cell count test €14.32 (5.52) €13.73 (5.39)

Drug level test €7.50 (12.38) €5.48 (10.23)

Total Indirect costs €3827.07 (6241.83) €2979.62 (4771.76)

Informal care €218.79 (631.31) €220.80 (565.21)

Productivity losses €2010.37 (3951.72) €1250.22 (2497.40)

School absence €245.93 (656.22) €452.40 (2381.20)

Unable to do domestic activities €1351.98 (3435.93) €1056.20 (2497.40)

Total costs €14633.47 (8568.70) €14334.53 (6175.70)

Outcomes

Utilities 0.730 (0.10) 0.722 (0.10)

Plasma HIV-RNA

Reduction in plasma HIV-RNAlog during 
follow-up

1.74 (1.75) 1.34 (1.67)

Number of patients failed on treatment 8 of 110 patients (7.3%) 19 of 113 patients (16.8%)

Table 2 | Mean Per-Participant Costs, Effects, and Utilities by Condition during the Follow-Up 

Period

Follow-up costs and effects (12 months), Mean (SD)

Intervention group (N = 110) Control group (N = 113)

Total Direct Costs €10806.40 (4556.78) €11354.91 (3799.19)

Electronic monitors €38.33 (0.00) €0.00 (0.00)

Training costs AIMS €7.52 (0.00) €0.00 (0.00)

Booster training sessions AIMS €3.25 (0.00) €0.00 (0.00)

Average additional minutes intervention visit €33.65 (0.00) €0.00 (0.00)

GP consultation
Visit
Home visit
Telephone consultation

€55.91 (68.98)
€0.75 (1.96)
€5.05 (9.88)

€70.90 (100.32)
€2.94 (22.04)
€3.49 (5.88)

Practice nurse
Visit
Home visit
Telephone consultation

€7.19 (9.52)
€0.00 (0.00)
€1.74 (3.16)

€9.87 (13.79)
€0.00 (0.00)
€0.82 (0.93)

ID Physician €228.16 (116.16) €230.26 (120.36)

Other medical specialist €94.22 (124.89) €104.72 (208.84)

Physiotherapist €52.19 (149.86) €63.57 (146.87)

Acupuncture €7.26 (28.53) €6.59 (26.82)

Homeopathy €1.24 (3.91) €3.92 (22.32)

Psychologist €247.21 (863.14) €203.51 (941.43)

Psychiatrist €281.66 (2019.49) €225.65 (1249.02)

Psychotherapist €21.12 (71.58) €20.36 (61.02)

Social worker €38.57 (108.48) €42.74 (84.59)

Medication €8981.40 (3745.72) €9630.94 (3179.93)

Hospitalization €198.11 (850.60) €190.93 (583.65)

Home care €9.02 (25.69) €60.21 (322.78)

Plasma HIV-RNA test €471.14 (119.19) €464.27 (138.45)
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Table 3 | Summary Statistics for the AIMS-Intervention Compared to TAU

Δ 
Costs

Δ 
Effects

Δ 
Utilities

ICER
North-

East

North-
West 

(inferior)

South-
West

South-East 
(dominant)

Base Case Primary Cost-Effectiveness Analysis 
(reduction in plasma viral loadlog; expectation maximization)

Intervention €393.85 1.74 N/A
Dominant 46% 1% 3% 50%

Control €463.53 1.34 N/A

Sensitivity Analysis Primary Cost-Effectiveness Analysis 
(reduction in plasma viral loadlog; individual mean imputation)

Intervention €379.53 1.74 N/A
Dominant 40% 1% 3% 56%

Control €526.88 1.34 N/A

Base Case Secondary Cost-Effectiveness Analysis 
(percentage of patients failing on treatment; expectation maximization)

Intervention €393.85 7.3% N/A
Dominant 44% 1% 1% 54%

Control €463.53 16.8% N/A

Sensitivity Analysis Secondary Cost-Effectiveness Analysis 
(percentage of patients failing on treatment; individual mean imputation)

Intervention €379.53 7.3% N/A
Dominant 40% 1% 1% 58%

Control €526.88 16.8% N/A

Base Case Cost-Utility Analysis 
(expectation maximization; total post-randomization costs and effects minus baseline costs and effects)

Intervention €393.85 N/A 0.0245
Dominant 21% 25% 25% 29%

Control €463.53 N/A 0.0243

Sensitivity Analysis Cost-Utility Analysis 
(expectation maximization; end of follow-up costs and effects minus baseline costs and effects)

Intervention €-147.25 N/A 0.0287
Dominant 8% 12% 35% 45%

Control €421.84 N/A 0.0276

Sensitivity Analysis Cost-Utility Analysis 
(individual mean imputation; total post-randomization costs and effects minus baseline costs and effects)

Intervention €379.53 N/A 0.0186
Dominant 21% 21% 24% 34%

Control €526.88 N/A 0.0172

that this intervention was cost-effective. However, the content of this intervention 
was not described in the published manuscript or anywhere else, and no evidence 
about its effectiveness is available. The AIMS-intervention has already proven to 
be effective regarding improving adherence and lowering plasma viral load in an 
earlier trial [3], an effect that now has been convincingly replicated in the current 
multi-center study. The AIMS is well-described and the materials are available for 
anybody willing to adopt the intervention. Moreover, the study was designed in 
compliance with the current guidelines for cost-effectiveness evaluations [32], and 
with a minimal risk of bias [29]. Hence, this study is the first to demonstrate that 
an effective HIV-treatment adherence intervention also has the potential to be 
cost-effective. 

The one year effects found in this trial are promising when comparing them to 
simulation models that have been published in the past. Goldie et al. have shown 
that interventions that can reduce virologic failure (defined as a 0.5 log increase 
in plasma viral load during two consecutive months) by 10% (which reflects an 
increased quality-adjusted life expectancy of 3.2 months) are still deemed cost-ef-
fective if the intervention costs do not exceed $100 per month (price year 2003) 
[13]. Given that the costs for the AIMS-intervention are approximately €83 per 
year, and that 10% less intervention participants failed on treatment compared 
to control participants, AIMS is also expected to be cost-effective based on this 
simulation model. It is in this regard important to note that prevented infections 
due to lower viral loads were not considered in this simulation model. Yet, each 
prevented infection can have a major effect on the cost-effectiveness of adherence 
interventions as included in the model by Zaric et al. [45]. When HIV-transmission 
is included in the model, the cost-effectiveness ratio is likely to be much lower. 
Because these simulation models by Goldie et al. and by Zaric et al. are relatively 
outdated, only include intervention costs and ignore any other cost component, 
and may be not applicable to the Dutch health care system, a follow-up study is 
planned in which we will conduct a model-based economic evaluation using the 
most recent available and comprehensive evidence.

The differences in cost-effectiveness probabilities between the cost-effectiveness 
and the cost-utility analysis can mainly be attributed to the different effects on 
outcome measures. Even though the AIMS-intervention demonstrated clinically 
meaningful effects on viral suppression and treatment success rates, these clin-
ical effects did not seem to translate into health-related quality of life improve-
ments within the time window of one year. Possible explanations can be the 
relatively short follow-up period of the trial (which emphasizes the need for the 
planned model-based economic evaluation) or that the SF-12v2 domains might 
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Figure 2 | Cost-Effectiveness Plane and Cost-Effectiveness Acceptability Curves (Showing the Prob-

ability that the Intervention is Cost-Effective Given Various Thresholds) for the Cost-Effectiveness 

Analyses.
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(c) Base case secondary cost-effectiveness analysis (percentage of patients failing on treat-

ment; expectation maximization)
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(d) Sensitivity analysis secondary cost-effectiveness Analysis (percentage of patients failing on 

treatment; individual mean imputation)
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Figure 2 | Cost-Effectiveness Plane and Cost-Effectiveness Acceptability Curves (Showing the Prob-

ability that the Intervention is Cost-Effective Given Various Thresholds) for the Cost-Effectiveness 

Analyses (continued).
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Additional costs
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(a) Base case cost-utility analysis (expectation maximization; total post-randomization costs 

and effects minus baseline costs and effects)
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Figure 3 | Cost-Effectiveness Plane and Cost-Effectiveness Acceptability Curves (Showing the 

Probability that the Intervention is Cost-Effective Given Various Thresholds) for the Cost-Utility 

Analyses.

(b) Sensitivity analysis cost-utility analysis (expectation maximization; end of follow-up costs 

and effects minus baseline costs and effects)

Additional costs

Additional QALYs

100%

80%

60%

40%

20%

0%

0 10000 20000 30000 40000 50000 60000 70000

Limit on ICER

Pr
ob

ab
ili

ty
 IC

ER
 a

cc
ep

ta
bl

e

Chapter 7 Cost-Effectiveness and Cost-Utility of the Adherence Improving self-Management Strategy (AIMS) in HIV-Care



161

Additional costs

Additional QALYs

(c) Sensitivity analysis cost-utility analysis (individual mean imputation; total post-randomiza-

tion costs and effects minus baseline costs and effects)
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Figure 3 | Cost-Effectiveness Plane and Cost-Effectiveness Acceptability Curves (Showing the 

Probability that the Intervention is Cost-Effective Given Various Thresholds) for the Cost-Utility 

Analyses (continued).

be insensitive for improvements in adherence rates and virological outcomes. 
However, if higher treatment success rates will lead to less occurrence of viral 
resistance over time, it may be more likely that health-related quality of life, trans-
mission risks, and societal costs will be affected.

A strength of the current economic evaluation is the large heterogeneity of people 
living with HIV that were included (i.e., patients being at risk for unsuppressed 
viral loads, both treatment-experienced and treatment-initiating patients, variable 
educational levels, a distribution of ethnicities comparable to the total Dutch 
HIV-population, and patients with physical and mental comorbidities), that the 
intervention was delivered by HIV-nurses with variable quality of (usual) care, 
nursing experience, and training received [31], and that a selection was made of 
geographically dispersed academic and non-academic hospitals. However, despite 
the large heterogeneity of the study sample, and although that there are no strong 
reasons to believe that the effectiveness of AIMS would be different in other (de-
veloped) countries or settings, transferability of costs to other health care systems 
cannot be guaranteed without careful consideration [46]. In addition, the large re-
fusal rates due to the design and usability of the MEMS-cap reduced the external 
validity of results, which highlights the need of optimizing the design of MEMS to 
match patient preferences.

This study had some limitations. First, although the questionnaire response rates 
were acceptable at baseline and follow-up (on average a 75% response rate), the 
non-response was a concern for the intermediate questionnaires (on average a 
50% response rate). In addition, only 20% of all patients completed all question-
naires during the study period, which was insufficient to conduct a meaningful 
complete-case analysis. Second, the variable recall periods for the intermediate 
questionnaires introduced concerns about the comparability and the precision 
of the data, despite that all recall periods were standardized to 4 months. Third, 
because the sample size calculation was based on plasma viral load – which is 
the primary outcome for the effectiveness study – this study might not have been 
sufficiently powered to detect statistically significant improvements in utilities and 
societal costs. Fourth, the inclusion rates for study participation were relatively 
low (approximately 32%). The most frequently reported reasons for refusal were 
the inconvenient size and shape of the MEMS-cap, the fear for disruption of daily 
medication intake routine (when using a 7-day pill organizer), and that patients 
just do not want to participate in research.

To conclude, we examined whether the AIMS-intervention can produce health 
and economic benefits for society. This study showed that the AIMS-intervention 
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is favorable in terms of cost-effectiveness, but the cost-utility analysis indicated 
that AIMS is nearly indifferent compared to TAU. However, the sensitivity analysis 
(using only data from baseline and follow-up, to minimize the required data im-
putation) produced more favorable cost-utility probabilities for the AIMS-interven-
tion. It is noteworthy that we only observed substantial and statistically significant 
changes in viral load measures, but not for societal costs and utilities (which was 
also not expected within this short time window), and this resulted in large uncer-
tainty intervals around the dominant ICERs. A future model-based economic eval-
uation should reveal whether the small changes in utilities observed in this trial 
indeed lead to greater societal benefits over time. It is in this regard important 
to note that prevented infections due to lower viral loads were not considered in 
the study, while each prevented infection can have a major effect on the findings. 
Nevertheless, this study shows that incorporating AIMS in routine HIV-care might 
lead to important health benefits for only little investments. This should be facili-
tated by the development of more patient-friendly electronic monitoring devices, 
leading to a higher adoption of the intervention by eligible patients.
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Summary

Since 1996, HIV can be treated effectively with combination Antiretroviral Ther-
apy (cART). However, non-adherence to cART remains a problem for a substan-
tial number of the patients. Since non-adherence to cART does not only affect 
patients’ health and quality of life, but consequently also their health care con-
sumption, productivity at work, and the risk of forward HIV transmission, it is 
important that effective and cost-effectives adherence interventions are developed 
and implemented. Numerous adherence interventions have been examined in the 
past, but even the most intensive interventions had only modest effects on behav-
ioral and clinical outcomes. There is also little evidence available regarding the 
cost-effectiveness of adherence interventions in general, and in HIV specifically. 
The methodological quality of earlier randomized controlled trials and the com-
pleteness of study reporting were often suboptimal, which can lead to inaccurate 
conclusions about the (cost-) effectiveness of adherence interventions. Moreover, 
there is still an ongoing debate about the application of quality of life as the pre-
ferred outcome measure in behavior change trials and in clinical care. 

The primary objective of this thesis was to study the (cost-)effectiveness of the 
theory- and evidence-based Adherence Improving self-Management Strategy 
(AIMS), compared to treatment-as-usual. In this thesis we also synthesized the 
current literature of adherence interventions to examine the cost-effectiveness 
of interventions and methodological quality of studies. Furthermore, we exam-
ined the interrelationship between (health-related) quality of life and subjective 
well-being, and how these can be applied optimally in behavior change trials and 
clinical care. Finally, we examined how researchers can assess and report treat-
ment-as-usual provided to control groups in adherence trials. The main findings 
from the individual studies will be summarized below.

Cost-Effectiveness of Adherence Interventions
Chapter 2 presents a systematic literature review in which the findings were syn-
thesized of randomized controlled trials that evaluated the cost-effectiveness 
of adherence interventions in chronic diseases. In addition, the methodological 
quality of the studies was examined. MEDLINE, PsycInfo, EconLit, and the Centre 
for Reviews and Dissemination databases were searched for trial-based economic 
evaluations of adherence interventions. We collected information on study charac-
teristics, cost-effectiveness of treatment alternatives, risk of bias, and the method-
ological quality of economic evaluations. Despite the large costs of non-adherence 
and the considerable quantity of examined adherence interventions, only 14 tri-
al-based economic evaluations were available in the literature. Four of these trials 
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were considered promising, since they showed cost-effectiveness ratios below 
their defined willingness-to-pay threshold. Yet, few interventions seemed to suc-
cessfully improve behavioral or clinical endpoints. Varying methodological quality 
of studies was observed and only four studies were considered ‘high methodolog-
ical quality’. Importantly, many studies did not make allowance for uncertainty by 
presenting point estimates of incremental cost-effectiveness ratios without the 
conduct of cost-effectiveness acceptability curves. Thus, despite that some stud-
ies show favorable incremental cost-effectiveness ratios, and that authors were 
inclined to draw relatively positive conclusions, the general cost-effectiveness of 
adherence interventions was modest at best. To determine whether adherence in-
terventions can be cost-effective, we recommend that proven-effective adherence 
interventions are studied in rigorously designed cost-effectiveness evaluations.

Design of a Multi-Center Randomized Controlled Trial 
to Evaluate AIMS
Chapter 3 presents the design of the multi-center randomized controlled trial that 
was conducted to evaluate the (cost-)effectiveness of the Adherence Improving 
self-Management Strategy (AIMS), among a heterogeneous sample of people 
living with HIV. The theory- and evidence-based AIMS-intervention is one of the 
few interventions that improved adherence and viral suppression rates in an ear-
lier randomized controlled trial. However, evidence on the cost-effectiveness of 
AIMS is lacking. The AIMS-intervention will be compared to treatment-as-usual 
from a societal perspective, with a time horizon of one year. Fundamental to AIMS 
is electronic adherence monitoring using MEMS-caps (MWV Healthcare). MEMS-
caps are electronic pill caps with a micro-processor that records the time of each 
bottle opening. The data obtained via the MEMS-caps can be downloaded online 
and the data show medication intake over the past period, which permits dis-
cussion of adherence barriers and potential solutions to deal with these for each 
individual patient. It was expected that, if proven cost-effective, AIMS can improve 
evidence-based counseling for HIV-nurses and clinicians.

The Relationship between (Health-Related) Quality of 
Life and Subjective Well-Being
Chapter 4 describes how health-related quality of life and other quality of life do-
mains relate to subjective well-being among people living with HIV. Health care 
interventions are increasingly expected to aim beyond health-related quality of 
life, and also focus on promoting people’s subjective well-being. However, little 
is known about which (health-related) quality of life domains predict subjective 
well-being, and whether indeed health-related quality of life (the main outcome 
in cost-utility analyses) is its main predictor. To explore the relationships between 

these concepts, participants from the AIMS-study completed a cross-sectional 
survey shortly after their randomization visit (N = 191). The survey comprised 
assessments of subjective well-being (life satisfaction), physical health, mental 
health, social well-being, financial well-being, environmental well-being, and sex-
ual well-being. The main direct predictors of subjective well-being were mental 
health and environmental well-being, while physical health was only weakly asso-
ciated with subjective well-being. Financial and social well-being explained subjec-
tive well-being indirectly. These findings suggest that whereas promoting physical 
health is the main focus of current HIV care, environmental and mental well-being 
might be more relevant for improving subjective well-being.

Describing the Comparator of AIMS: Treatment-As-Usual
Chapter 5 explores the use of an open-ended questionnaire (TAU open-ended 
questionnaire) to assess treatment-as-usual in adherence trials. Treatment-as-usu-
al is usually insufficiently described in trial reports. Yet, the active content of treat-
ment-as-usual provided to control groups varies considerably between trials and 
influences trial effect sizes. Reporting guidelines (e.g., WIDER, CONSORT, and 
TIDieR) call for control group descriptions in equal detail as intervention content. 
However, how to assess the active content (i.e., behavior change techniques) 
of treatment-as-usual remains unclear. The TAU open-ended questionnaire was 
therefore developed and examined on its feasibility and reliability. The HIV-nurs-
es from the AIMS-study completed the semi-structured TAU open-ended ques-
tionnaire, with free text for nurse responses. The questions reflected the broad 
categories in which adherence support is normally delivered: informing patients, 
motivating patients, goal setting, problem solving, and it made a distinction 
between activities that are typically done during the start-up of a treatment and 
follow-up sessions. Two study authors independently coded behavior change 
techniques from the nurse responses (using an adherence-adapted taxonomy). 
The analyses showed that the clarity and completeness of nurse responses were 
generally adequate. Twenty-six unique behavior change techniques were coded, of 
which 23 reliably. The total number of behavior change techniques coded for each 
nurse ranged between 7 and 19. The study suggested that the TAU open-ended 
questionnaire is a feasible and reliable tool to capture active content of support 
provided to control participants. Since we observed considerable variability in 
the number of behavior change techniques provided to control participants, this 
study illustrates the importance of reliably collecting and accurately reporting con-
trol group support.
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Effectiveness of the AIMS-Intervention
Chapter 6 presents the results of the effectiveness evaluation of the AIMS-RCT de-
scribed in chapter 3. The total sample (N = 223) consisted of 110 treatment-experi-
enced with suboptimal adherence levels and at least one unsuppressed viral load 
during the previous three years, and 113 treatment-initiating patients. Of these, 
110 were randomized to the AIMS-intervention and 113 to treatment-as-usual. The 
patients were recruited by 21 HIV-nurses in seven HIV-clinics in the Netherlands 
(the Academic Medical Center, Amsterdam; the Slotervaart Hospital, Amsterdam; 
the St. Lucas-Andreas Hospital, Amsterdam; the Leiden University Medical Cen-
ter, Leiden; the HAGA Hospital, The Hague; the Erasmus Medical Center, Rotter-
dam; Isala Clinic, Zwolle).

The primary outcome measure was log-transformed viral load. The secondary 
outcome measures were detectable versus undetectable viral load, and treatment 
failure (defined as two consecutive detectable viral loads). Intention-to-treat anal-
yses showed that the intervention was effective across all time points (F(1,199) 
= 7.23, p = .008), that patients in the intervention group had a 2.03 times higher 
odds of having an undetectable viral load across the three time points (95% CI 
1.06 to 3.89), and that patient in the control group had a 3.08 times higher odds 
of failing on treatment (95% CI 1.18 to 7.94). This trial showed thus significant 
and clinically meaningful effects of the AIMS-intervention. In addition, AIMS was 
delivered by minimally-trained nurses (a short three-day training program and one 
booster session) and seemed to fit within routine clinical care.

Cost-Effectiveness of the AIMS-Intervention
Chapter 7 presents the trial-based economic evaluation of the AIMS-intervention 
from a societal perspective, compared to treatment-as-usual. The differences in 
societal costs were examined against log viral load and treatment failure (for the 
cost-effectiveness analyses), and utilities (for the cost-utility analyses). For the 
analysis from the societal perspective using utilities as the outcome parameter, 
the base case cost-effectiveness probability was between 55% and 53% when 
ranging the ceiling ratio from €0 to €70,000 per quality-adjusted life year. The 
primary sensitivity analyses that addressed some of the major concerns with 
the data used for the base case analyses (i.e., considerably lower percentages of 
missing data and standardized recall periods), however, showed a probability of 
80% to 68% of AIMS being cost-effective (for the same range of ceiling ratios). 
The probability that AIMS is cost-effective using viral loads as outcome measure 
was 55% to 95% when ranging the ceiling ratio from €0 to €5,000 (and higher) for 
one log decrease in viral load and 53% to 95% when ranging the ceiling ratio from 
€0 to €14,000 (and higher) for one prevented treatment failure. Also taking into 

account the relatively low intervention costs (approximately €83 per patient per 
year), these results suggest that the AIMS-intervention is cost-effective even with-
in a one-year trial follow-up period. A planned model-based economic evaluation, 
also taking into account viral resistance and reduced forward HIV transmission, 
should reveal how cost-effective AIMS is on the long run.

General discussion

(Cost-)Effectiveness of AIMS
Earlier studies proved the effectiveness of the AIMS-intervention on behavioral 
and clinical outcomes, and showed that the AIMS-interventions fits in routine 
clinical care and matches nurses’ competences and preferences [1,2]. The cost-ef-
fectiveness of the AIMS-intervention was now examined in a multi-center trial with 
a follow-up period of 12-15 months. Seven Dutch HIV-clinics were involved, with 
in total 21 HIV-nurses, who recruited a heterogeneous sample of 223 people liv-
ing with HIV. The current trial showed that AIMS improved plasma viral load and 
treatment success rates, but that quality of life and both direct and indirect costs 
did not differ between the intervention and the control group. The results from 
the cost-effectiveness analysis indicated that the AIMS-intervention is cost-effec-
tive, but the cost-utility analysis showed less convincing cost-effectiveness proba-
bilities. The cost-effectiveness acceptability curves showed that the cost-effective-
ness probability was 55% to 95% when ranging the ceiling ratio from €0 to €5,000 
(and higher) for one log decrease in viral load, and 53% to 95% when ranging the 
ceiling ratio from €0 to €14,000 (and higher) for one prevented treatment failure. 
The cost-utility acceptability curves showed that the cost-utility probability was 
between 55% and 53% when ranging the ceiling ratio from €0 to €70,000 per qual-
ity-adjusted life year. The sensitivity analysis, to overcome missing data issues and 
standardized recall periods, showed a probability of 80% to 68% of AIMS being 
cost-effective when ranging the ceiling ratio from €0 to €70,000 per quality-ad-
justed life year. It should also be noted that these effects were obtained in settings 
with moderate- to high-quality standard care, which made it more challenging for 
AIMS to demonstrate effectiveness and cost-effectiveness. We therefore believe 
that HIV-care and society can benefit from AIMS and that this intervention should 
be considered for nation-wide adoption and implementation.

Despite that all cost-effectiveness and cost-utility ratios indicate that the AIMS-in-
tervention dominates treatment-as-usual, these point estimates should be inter-
preted cautiously. Although the improvements in plasma viral load and treatment 
success rates were statistically significant and also clinically meaningful, the 
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improvements in utilities and the reduction in societal costs were almost negli-
gible and also statistically insignificant (see chapter 7 for the statistical details). 
For the base case, the utilities improved only 0.0002 more in the intervention 
group (0.0245) compared to the control group (0.0243) between baseline and 
follow-up. The average one-year post-randomization costs were slightly higher for 
the intervention group (€14,633; direct costs = €10,806; indirect costs = €3,827) 
than for the control group (€14,335; direct costs = €11,355; indirect costs = €2,980), 
but after performing the delta-adjustment they were lower for the intervention 
group (€394; direct costs = €1,357; indirect costs = €-963) compared to the control 
group (€464; direct costs = €1,088; indirect costs = €-624). Hence, even though 
the ICERs were dominant, these were based on only a small reduction in societal 
costs and an ignorable improvement in utilities. 

 If the AIMS-intervention will be implemented in routine clinical practice, the 
short-term investment for the intervention is expected to be relatively low (€83 per 
patient per year). The costs can be categorized into three major components: (1) 
The MEMS-cap costs. Given that MEMS-caps have a three-year battery life, and 
that the purchase costs are approximately €115 when ordering 1,000 pieces, it can 
be assumed that these MEMS-caps cost only €38 per patient per year. Moreover, 
MEMS-caps can be recycled and used by others when patients decide to discon-
tinue using MEMS; (2) The costs for the three-day program to train HIV-nurses 
how to deliver the AIMS-intervention, and a 1.5 hour booster. The trainer costs 
(about €200 per hour) and the productivity losses for HIV-nurses were spread 
over all eligible patients in the seven participating clinics (i.e., all patients who can 
benefit from AIMS, also in routine clinical practice). Training costs were therefore 
only €11 per patient per year; (3) the costs associated with the additional time for 
a consultation that is required for delivering AIMS. On average, intervention visits 
required 10.3 minutes more than regular consultations of 15 minutes, which has 
led to an estimation of €34 per intervention patient per year.

The longer average duration of consultations can mainly be attributed to the first 
intervention visit. Besides that MEMS-reports and the intervention need to be 
introduced to the patient (which requires some additional time), and that nurses 
need to go through a learning phase, a larger number of non-adherent patients 
were detected compared to treatment-as-usual. Just as in treatment-as-usual, this 
is reason for more intensive adherence support. However, despite that some time 
should be invested in adherence support, it can save time in the long run, be-
cause adherence problems can be identified and managed in an early stage. This 
can be beneficial since clinical consequences of non-adherence can be prevented. 
If patients are sufficiently adherent, the adherence support offered may be more 

efficient with AIMS compared to treatment-as-usual, since sufficient adherence 
is immediately clear from an optimal MEMS-report. The remaining time during 
consultations can then be used for other topics if required, such as mental health, 
stigma-related issues, financial stability, and housing/legal issues.

A strength of the AIMS-study is the external validity and generalizability of the 
results, which is relevant from an implementation point of view. A large heteroge-
neity of people living with HIV were included (i.e., patients being at risk for unsup-
pressed viral loads, both treatment-experienced and treatment-initiating patients, 
variable educational levels, a distribution of ethnicities comparable to the total 
Dutch HIV-population, and patients with physical and mental comorbidities), the 
intervention was delivered by HIV-nurses with variable quality of usual care, nurs-
ing experience, and training received (for details see chapter 5 of this thesis), and 
a selection was made of geographically dispersed academic and non-academic 
hospitals. Although it can be challenging to conduct research in a study popu-
lation with a low risk of selection bias (i.e., given the variability in motivation to 
participate in research), our study sample (i.e., the people who deliver and receive 
the AIMS-intervention) was representative for future adopters of AIMS. Moreover, 
given that approximately 75 HIV-nurses work in Dutch HIV-care and 21 of them 
were involved in this trial, 30% of all HIV-nurses have already experience with de-
livering AIMS.

However, despite the large heterogeneity of included study participants and health 
care professionals, it should be mentioned that the study refusal rates were high 
(approximately 68%), decreasing the external validity of results. Part of these pa-
tients perceived the size and shape of MEMS as inconvenient and/or they feared 
a disruption of daily intake routine, which was mainly a barrier for patients using 
a 7-day week box organizer or patients who want to carry around a pill-bottle dis-
creetly. However, increasingly more treatment-initiators will become familiar with 
electronic monitoring if routine clinical care involves the provision of MEMS-caps, 
and there is ongoing improvement of MEMS-caps’ design and user-friendliness. 
Other frequently reported reasons for refusal were a lack of willingness to partici-
pate in research and too much perceived study burden (e.g., questionnaire com-
pletion). However, these reasons for refusal seem irrelevant if the AIMS-interven-
tion will be implemented in routine clinical care. Hence, although the high refusal 
rates decreased the external validity of results, adoption rates are expected to be 
higher in routine clinical care.

A second strength is the randomized controlled trial design which enhances in-
ternal validity. In addition, several strategies were employed for reducing the risk 
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of bias in this behavioral trial (e.g., producing detailed study protocols, blinding 
research personnel to the randomization strategy, concealment of non-adherence 
in the control group, and distraction strategies to draw attention away from the 
primary research hypotheses), which have been extensively described elsewhere 
[3]. However, not all possible biases were eliminated. There was still a risk of con-
tamination bias (i.e., providing intervention elements to control patients, such as 
active problem solving), because randomization took place on nurse level (which 
implies that each nurse treated patients from the intervention and the control 
arm). If we had chosen to eliminate the risk of contamination, randomization 
should have taken place on clinic level, which in turn might have led to a major 
difference in study motivation between intervention clinics and control clinics 
(i.e., recruitment bias). Nevertheless, HIV-nurses were not able to access MedA-
migo for control participants to download MEMS-data and to go through the 
intervention protocol, making it unlikely that control participants have received 
intervention elements. 

We also examined whether the HIV-nurses delivered the intervention completely 
(i.e., not skipping intervention visits or intervention steps), and according to the 
protocol (i.e., a high fidelity). Intervention participants received on average 60% 
of all intervention elements and only 22% of the participants received less than 
one third of the complete intervention during follow-up. Fidelity rates were com-
puted for the specific action plans. More than 30% of the intervention participants 
did not actively identify adherence problems during the study period, did not for-
mulate solutions (or the solutions did not match with the problems identified), 
and did not develop (adequate) action plans for adherence improvement. The 
concept of formulating implementation intentions seemed new to the nurses, as 
they had some difficulties with adequately matching solutions to problems, and 
linking cues to behavior. In addition, only 10% of the intervention participants 
scored higher than 70% on total fidelity rates. A major reason for relatively low 
completeness rates was the inadequate use of MEMS-caps by patients. A relative-
ly large number of patients discontinued using MEMS during the study period, 
either shortly after randomization (e.g., because of the perceived inconvenient 
size and shape of the MEMS-cap or because of fear for a disruption of daily med-
ication intake routine), or at a later stage (e.g., because the patient did not experi-
ence adherence problems anymore and did not want to focus on behavioral main-
tenance). Improving the size and shape of MEMS-caps might therefore enhance 
the acceptability and usage by patients.

Although MEMS-caps measure adherence objectively, accurately, and provide 
detailed insight in patient adherence over long time periods, it thus seems that 

MEMS-caps have some drawbacks. First, patients sometimes take a high num-
ber of different medication (polypharmacy). Taking different medications from 
one MEMS-cap may confuse patients which pills should be taken and when. It is 
therefore relevant that patients are clearly instructed to use MEMS for only one 
type of medication and to take the other pills from their original packaging. Sec-
ond, the use of a ‘travel bottle’ or ‘pocket dosing’ was a frequently encountered 
problem with MEMS-use. This practice leads to a lower estimate of medication 
adherence by MEMS-caps. To account for this underestimation, patients in the 
AIMS-trial were provided with concomitant diaries (also referred to as ‘correction 
cards’) to track pocket dosing. Yet, it is important to consider that patients who 
complete these diaries are also more likely to be adherent [4]. Third, MEMS-caps 
can interfere with treatment-experienced patients’ use of ‘medication organizers’, 
such as 7-day pill organizers. Clearly, this was not an encountered problem for 
treatment-initiating patients who were not yet provided with tools that can facil-
itate adherence. We therefore expect that adoption rates will be larger for treat-
ment-initiating patients.

Despite these barriers, there are also studies suggesting that electronic moni-
toring is generally well-accepted and well-integrated in the lives of the majority 
of patients. In a questionnaire assessing patient perceptions about their device, 
75% liked the MEMS-caps and used it every day [5]. In addition, there are over 600 
peer-reviewed publications describing the use of electronic monitoring across 
many clinical settings, illustrating the wide general acceptance of MEMS. More-
over, a study conducted in Tanzania by Lyimo et al. (2011) has shown that the 
MEMS-bottle design (i.e., the absence of a label on the bottle) may also reduce 
patients’ fear for HIV-status disclosure, which is quite the opposite to reports of 
patients in the Netherlands [6].

A limitation of the cost-utility analysis was the low response rate on the quality of 
life and health care consumption questionnaires, which is an often encountered 
problem in cost-effectiveness research [7]. Low response rates were associated 
with ethnicity and educational level: the questionnaire completion rates were high-
er for Caucasians and highly educated participants than for ethnic minorities (i.e., 
Africans and Carribeans) and low to moderately educated participants. Although 
the response rates were acceptable at baseline and follow-up (approximately a 
75% completion rate), the non-response was considerable for the questionnaires 
in between (approximately a 50% completion rate). Despite that intervention 
and control participants did not differ in the amount of missing data, these high 
non-response rates may have affected in particular the base case cost-effective-
ness and cost-utility results [8]. The response rates were higher for baseline and 
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for end-of-study questionnaires because patients received a phone call reminder 
by the HIV-nurse if they did not return their questionnaire by one week. We decid-
ed, however, not to remind patients for the time points in between as to not inter-
fere with the intervention evaluated (i.e., introduce additional contacts between 
patients and nurses). Future researchers could likewise balance between unbiased 
results and high response rates.

Cost-Effectiveness of Adherence Interventions 
across Chronic Conditions
Despite the considerable costs of non-adherence to medical regimens across 
chronic conditions and the large number of intervention studies that have been 
published up to date, this thesis showed that only a few trials examined the 
cost-effectiveness of adherence interventions. These interventions were typically 
multifaceted and include enhanced adherence support (often education and/or 
counseling) from health educators, pharmacists, registered nurses, or physicians. 
Some trials showed promising cost-effectiveness ratios of adherence interven-
tions, but only a few studies seemed to evaluate interventions that showed clini-
cally meaningful effects. Moreover, the methodological quality was generally mod-
erate, because most studies did not describe treatment-as-usual in sufficient de-
tail, did not include incremental cost-effectiveness ratios, did not make allowance 
for uncertainty, and were conducted from a narrow perspective. The (generally 
positive) conclusions from authors should therefore be interpreted with caution.

By looking at the trials that conducted cost-effectiveness acceptability curves to 
assess statistical uncertainty in relation to willingness to pay, only two adherence 
interventions showed promising probabilities of being cost-effective [9,10]. One of 
these interventions involved a pharmacy-led education and self-management pro-
gram for COPD patients (consisting of a 60-minute consultation with a hospital 
pharmacist, two 20-minute phone calls, and two 30-minute outpatient visits) [9]. 
The cost-effectiveness acceptability curve (using utilities as outcome measure) 
showed a 95% probability of the intervention being cost-effective using a £20,000 
threshold. The other intervention involved a telephone counseling session from a 
community pharmacist, two weeks after treatment-initiation [10]. The counseling 
session was based on the self-regulatory model and the necessity-concerns frame-
work, and was targeted at multiple chronic conditions. The cost-effectiveness 
acceptability curves (using self-reported adherence as outcome measure) showed 
a 90% probability of the intervention being cost-effective, irrespective of willing-
ness-to-pay. The confidence in the outcomes of the second intervention were how-
ever limited, because the study power was low, the follow-up period was only two 
months, and clinical outcomes and utilities were not taken into account.

Although the methodological quality of trial-based economic evaluations seems 
to have improved over time, certain lessons can be learned from the systemat-
ic review (chapter 2) and the trial-based economic evaluation (chapter 7) that 
might be of use for future cost-effectiveness trials of adherence interventions. 
First, widely accepted methodological guidelines for designing and reporting 
trial-based economic evaluations are available [11-13]. However, several required 
elements were either not performed or reported by many of the trials reviewed, 
such as (1) a description treatment-alternatives in sufficient detail; (2) identifi-
cation, measurement, and credible valuation of all relevant costs and effects; (3) 
discounting of long-term costs and effects; (4) the conduct of incremental cost-ef-
fectiveness analyses; (5) performance of sensitivity analyses; and (6) the conduct 
of cost-effectiveness acceptability analyses that are able to show uncertainty in 
relation to willingness to pay. The quality of the evidence-base could improve 
considerably if future trials would adhere to these guidelines. Second, designing 
intervention studies with a minimal risk of bias can ensure high internal validity, 
even though this can be challenging in a behavioral trial where blinding is practi-
cally impossible. Recent studies have provided useful guidance for reducing the 
risk of bias during study design, execution, reporting, and dissemination [3,14]. 
Third, the time horizon of behavioral trials should be long enough to capture all 
relevant health effects and costs from a policy maker point of view [15]. This can 
be challenging because policy makers are often interested in clinically meaning-
ful effects and utilities. However, behavioral outcomes of interventions (e.g., an 
improvement in adherence) take usually some time to translate into intermediate 
outcomes (e.g., treatment success rates and viral resistance), and final outcomes 
(e.g., life expectancy and quality of life). These outcomes are not captured within 
relatively short behavioral trial periods, and trials may therefore underestimate the 
intervention effectiveness [16]. Even though is it possible to extend trial periods, 
it may discourage study participation and it can lead to early drop-out. Moreover, 
long trial periods require substantial financial resources. Robust evidence should 
therefore be collected during the trial-based economic evaluation in order to be 
able to conduct a model-based economic evaluation that captures all relevant out-
comes on a longer time-horizon. Fourth, to enhance external validity, it is impera-
tive in pragmatic trials that intervention providers (e.g., health care professionals) 
and intervention receivers (e.g., patients at risk) represent those who will adopt 
the intervention after implementation. 

By taking into account the recommendations above, the current evidence base 
of adherence interventions can be further enhanced with methodologically rigid 
studies, enabling better informed decisions regarding the implementation of the 
most successful interventions.
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Treatment-As-Usual
More advanced methods for studying the cost-effectiveness of adherence inter-
ventions are required, including better ways of assessing and reporting the active 
content of treatment-as-usual. Without a clear description of treatment-as-usual, 
it becomes hard to interpret intervention effects, to make comparisons across 
studies in systematic reviews and meta-analyses, and to generalize intervention 
effects. In addition, in multi-center studies differences in treatment-as-usual may 
provide explanation for the center differences that occurred with regard to inter-
vention effectiveness. However, researchers do not typically describe the active 
content of support provided to the control condition in sufficient detail in their 
trial reports, despite that reporting guidelines (e.g., CONSORT, WIDER, or TidI-
ER) request that information [17-20]. A possible explanation is that no standard 
form of assessing treatment-as-usual is commonly used or suggested by these 
guidelines. Coding live- or audio-observations may be too resource-intensive and 
self-reported checklist may be prone to social-desirability bias. 

 One of the objectives of this thesis was to investigate whether treatment-as-usu-
al can be assessed feasibly and reliably in a large multi-center trial using a 
semi-structured treatment-as-usual open-ended questionnaire. The results 
showed that the TAU open-ended questionnaire can be a reliable and feasible tool, 
and that the quality of treatment-as-usual varied considerably between nurses and 
clinics (i.e., the number of behavior change techniques applied by nurse ranged 
from 7 to 19). These findings confirm that researchers involved in multi-center tri-
als cannot assume that all nurses deliver equal or standardized treatment-as-usu-
al, especially not when treatment-as-usual involves (complex) behavior change 
counseling [21-23]. It is therefore necessary to assess and control for variability in 
treatment-as-usual to obtain more accurate intervention effect sizes. 

Although it was initially planned, in the AIMS multi-center trial we were only able 
to assess the active content of treatment-as-usual before initiation of recruitment 
but not after completion of the study (due to time and capacity constraints). We 
were therefore unable to examine whether treatment-as-usual had improved over 
time and whether intervention elements had been adopted in treatment-as-usual 
during the study period (i.e., contamination). Although major contamination was 
unlikely because the software did not allow nurses to download MEMS-data or 
to enter other intervention elements for control group patients, nurses may have 
adopted problem solving strategies in treatment-as-usual which they had learned 
during the AIMS-training or AIMS-delivery. Ideally, future studies should conduct 
treatment-as-usual assessments before recruitment and after study completion to 
identify and possibly control for contamination in the analyses.

Additional points of attention should be raised for those who assess control 
group content for their trial. First, the validity of the assessment instrument 
should be examined carefully. In other words, researchers should make sure that 
the reported active content accurately reflects real-life treatment-as-usual. Validity 
can be examined and improved, for example, by comparing results from several 
live observations with questionnaire responses and adapting the questionnaire if 
necessary. Second, researchers should make sure that health care professionals 
are not able to discuss their responses during questionnaire completion, as this 
might lead to overestimations of the active content.

To conclude, using an open-ended questionnaire and coding responses with a 
taxonomy seems to be a feasible and reliable approach. Future research might 
want to improve the TAU open-ended questionnaire (i.e., improving the ques-
tions/prompts and the convergent/predictive validity), adapt it to other health 
behaviors, or develop alternative, feasible methods for reliably assessing treat-
ment-as-usual. After all, improving the accuracy of control group descriptions can 
help to interpret intervention effects better, and to decide in which settings they 
can produce most benefits.

Measuring Quality of Life
The effects in economic evaluations are typically operationalized in terms of 
generic health-related quality of life. Policy makers prefer to compare cost-effec-
tiveness of interventions targeting different chronic diseases and using generic 
health-related quality of life as the main measure facilitates this comparison. 
However, in spite of this advantage from a decision making perspective, using 
quality of life as outcome measure has also been criticized since it may be too 
insensitive to detect changes resulting from behavioral interventions.

Health-related quality of life (measured with the Short Form Health Survey 12v2) 
was also included as outcome measure in the current multi-center trial. Despite 
that the AIMS-intervention improved viral suppression and treatment success 
rates, these improvements did not seem to affect quality of life within the time 
span of this trial (on average 14.6 months). In fact, quality of life appeared to be 
very stable over time, also for treatment-initiating patients suggesting that start-
ing treatment does not affect utility scores measured with the SF-12v2. Several 
explanations can be given for the inability to improve quality of life, which are 
supported by others [24]. First, the sample size was not powered on quality of life 
as outcome measure but on viral suppression rates. A considerably larger number 
of study participants should have been included to detect statistically significant 
changes in quality of life. Second, the follow-up period of the trial might have been 
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too short to detect changes in quality of life. However, the sustained improvement 
of treatment success rates can reduce the occurrence of viral resistance, reduce 
transmission risks, and extend life expectancy. These clinical consequences can 
potentially impact health-related quality of life, further highlighting the relevance 
of conducting a model-based economic evaluation. Third, chapter 4 of this thesis 
showed that plasma viral load, and also CD4+ cell count, do not relate to both 
physical health and mental health. Since the utility scores are based on these two 
domains, these findings can explain why utility scores were not affected by a re-
duction in viral load.

Quality of life has been shown to be a suitable (and established) outcome mea-
sure in randomized controlled trials that study new drugs and innovative medical 
technologies. However, more research is needed to make quality of life a more 
suitable outcome for behavior change interventions. Other researchers are already 
trying to overcome this problem by transforming behavioral and clinical effects 
into metrics that can be compared across interventions aimed at different health 
behaviors (i.e., transforming behavioral and clinical outcomes into quality of life) 
[25]. In addition, model-based economic evaluations could be able to make pre-
dictions of short-term behavioral effects of adherence interventions on quality life 
[16].

Implications for Clinical Practice
In the Netherlands, HIV-nurses are mainly responsible for adherence counsel-
ing, and seem to offer moderate- to high-quality adherence support. This thesis 
showed that a fairly minor investment in adopting AIMS can further improve 
treatment success rates, and potentially prevent the development of resistance 
and reduce the risk of forward HIV transmission. However, the additional value 
will in the end depend on the success of wide-scale implementation, mainte-
nance, and institutionalization of AIMS, the effectiveness of AIMS in routine care, 
and the number of people (at risk for treatment failure due to non-adherence) that 
will be exposed to AIMS. A dissemination project should therefore be conducted 
with all stakeholders to incorporate the results of this study into adherence care 
guidelines. It needs to be ensured that HIV-nurses adopt and implement the es-
sential program components with acceptable completeness and fidelity. In case 
of nation-wide implementation, AIMS has the potential to improve adherence 
support and patient outcomes. In addition HIV-care may improve the efficiency 
of health care organization. Not only by improving patient outcomes, reducing 
treatment escalations, and limiting the spread of (resistant) HIV, but also because 
nurses have more time to (routinely) discuss other psychosocial aspects of dis-
ease, if no adherence problems are identified from MEMS-reports.

Chapter 4 showed that the subjective well-being of people living with HIV is main-
ly associated with environmental and mental well-being, and to a lesser extent 
to physical, social and financial well-being. Although HIV-care primarily involves 
physical health support by means of validated assessments (e.g., plasma viral 
load and CD4+ cell counts), from a subjective well-being perspective patient 
may benefit more from evidence-based mental health support (e.g., diagnosis 
of depression, acceptance of HIV, and dealing with fear for disclosure), environ-
mental and financial support (e.g., legal and housing issues), and support for 
social well-being (e.g., by addressing stigmatization, discrimination, and social 
acceptance). More validated and routine assessments are therefore required on 
these other domains. If other psychosocial problems can be diagnosed in an early 
stage, patients can be treated or referred to other specialist to prevent escalation 
of problems.

Recommendations for Future Research
Future research is needed to investigate the long-term cost-effectiveness of a 
nation-wide implementation of the AIMS-intervention. Because the one-year trial 
effects are already promising, we expect more positive findings from such a mod-
el-based economic evaluation, especially if improved treatment success rates lead 
to less viral resistance and lower HIV transmission risks. An earlier model-based 
economic evaluation has shown that interventions that reduce virological failure 
by 10% are still considered cost-effective for intervention costs up to $100 per 
month [26]. However, these numbers are based on a relatively outdated US study, 
include only interventions costs while ignoring other societal cost components, 
and may be inapplicable to the current Dutch health care system. In addition, de-
creased forward HIV transmission risks (due to lower viral load levels) were not 
included in the US study, but can be relevant because each prevented infection 
has a major effect on the cost-effectiveness of adherence interventions [27]. When 
transmission of HIV is included in the model, the cost-effectiveness ratio of AIMS 
is likely to be more favorable.

While the AIMS-intervention has proven to be effective among people treated 
for HIV, the transferability to other chronic conditions has not been examined 
yet. Although we do not have clear reasons why the effectiveness AIMS would be 
markedly different among patients treated for other chronic conditions (e.g., men-
tal illnesses, diabetes, and hypertension), the priority of adherence support may 
be perceived lower in other areas, which leaves less room for adherence support 
during routine consultations. It thus seems important to study the effectiveness 
of AIMS in other chronic conditions, whether AIMS fits in those settings, and 
whether interventions elements either need to be adapted, removed, or added.
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Likewise, the transferability to other countries of the AIMS-intervention should be 
investigated. Even though we believe that the results can be transferred to other 
well developed countries, it can be more problematic to implement the AIMS-in-
tervention in developing countries, without a careful consideration of financial, 
organizational, and cultural factors. While developed countries may perceive €115 
per MEMS-cap as only a small investment, this price can be a major barrier for re-
source-limited countries. Moreover, health care in low-resource settings may not 
be organized to facilitate extensive behavior change counseling [28]. Nevertheless, 
given that the importance of improving adherence to cART is now acknowledged 
in developing countries [29], the AIMS-intervention has the potential to make a 
substantial difference. 

 The remaining challenge is how to implement the findings from this thesis in 
clinical practice. Given the complexity of implementing behavioral interventions, 
it is desirable to move towards large monitored and organizational-based im-
plementation. Key players were identified and involved in the development and 
evaluation of AIMS in the current and earlier trials [1,2], intervention methods 
and materials were developed and adapted based on feedback from HIV-nurses, 
and the study design was adapted to fit with nurses’ daily practice and patients’ 
routine care schedules. Yet, a dissemination project could enhance efficient imple-
mentation. 

A validation study could further enhance the quality of the TAU open-ended 
questionnaire. Even though the TAU open-ended questionnaire was designed to 
be minimally directive, the nurse responses might not have represented treat-
ment-as-usual accurately. Audio- or video-recorded observations are required to 
examine whether the proxy measure reflects treatment-as-usual accurately (also 
referred to as convergent validity). To illustrate our concern regarding convergent 
validity, we are convinced that the majority of HIV-nurses in the Netherlands (if 
not all nurses) routinely provide feedback of clinical outcomes (i.e., CD4+ cell 
count and plasma viral load). However, this behavior change technique was only 
reported by 4 out of 21 nurses. It thus seems that HIV-nurses do not consider 
providing feedback of clinical outcomes as behavior change counseling. This high-
lights the relevance of validating (and probably also refining) the TAU open-ended 
questionnaire. In addition, the predictive validity of the TAU open-ended question-
naire can be examined (e.g., by comparing TAU responses with adherence and/or 
plasma viral load). An additional benefit of examining predictive validity is that the 
most effective (combinations of) behavior change techniques for supporting ad-
herence can be identified. The results can be informative for HIV-nurses’ training 
programs aimed at improving the effectiveness of their adherence care.

Finally, up to now, trial-based economic evaluations of adherence interventions 
have not shown convincing and high-quality evidence about their cost-effective-
ness. We therefore recommend other researchers to study the cost-effectiveness 
of the most promising and proven effective adherence interventions in rigorously 
designed and comprehensively reported trials. By expanding the high-quality 
evidence base available, policy makers are better able to decide about which ad-
herence interventions to implement, and in what settings they can produce most 
benefits for society.

Overall Conclusion
Non-adherence to cART is a widely recognized health care problem, with wor-
rying clinical and economic consequences. It is therefore important to improve 
adherence and to study the effectiveness and cost-effectiveness of adherence 
interventions in rigorously designed and comprehensively reported randomized 
controlled trials. Many adherence interventions have been examined in the past, 
but the effects on adherence and clinical outcomes were generally modest, and 
there is little high-quality evidence about the cost-effectiveness of HIV-treatment 
adherence interventions. This thesis examined the (cost-)effectiveness of the 
AIMS-intervention in Dutch HIV-care, compared to moderately- to high-quality 
treatment-as-usual. The results did not only proof effectiveness of the AIMS-in-
tervention, but there are also indications that the AIMS-intervention can be 
cost-effective. The (cost-)effectiveness was studied in a rigorously designed and 
carefully reported multi-center trial, resulting in methodologically sound evidence. 
Although the AIMS-intervention did not improve health-related quality of life with-
in the one-year study period, we anticipate that sustained effects of AIMS will lead 
to fewer occurrence of viral resistance, lower HIV transmission risks, and thereby 
improved quality of life on the long run. We therefore believe that incorporation of 
AIMS in routine clinical care would lead to improved treatment success rates and 
enhanced patient well-being, with acceptable value for money.
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Samenvatting

HIV kan sinds 1996 effectief worden onderdrukt met combinatie Antiretrovirale 
Therapie (cART). cART zorgt ervoor dat het virus zich niet kan vermenigvuldigen 
in het lichaam en daardoor krijgt het afweersysteem de kans om zich te herstellen. 
Voor een langdurig succes van de behandeling is het belangrijk dat patiënten hun 
medicatie op tijd innemen en geen inname overslaan (ook wel ‘therapietrouw’ 
genoemd). Desondanks is therapietrouw een probleem voor veel patiënten. The-
rapieontrouw kan leiden tot virale resistentie (het virus reageert dan niet meer op 
medicatie), tot (dure) medicatie aanpassingen, en het kan leiden tot een snellere 
progressie naar AIDS. Bovendien is bij therapieontrouw het risico op infecteren van 
anderen groter. De maatschappelijke kosten van therapieontrouw zijn hoog. In de 
Verenigde Staten worden de jaarlijkse (onnodige) uitgaven voor de gezondheids-
zorg en productiviteitsverliezen geschat tussen de $100 en $310 miljard. Het is dus 
belangrijk dat effectieve en kosteneffectieve interventies worden ontwikkeld om the-
rapietrouw te verbeteren en om de gevolgen van therapieontrouw te verminderen. 

In het verleden is de effectiviteit van veel therapietrouw interventies onderzocht, 
maar de gevonden effecten waren over het algemeen klein. Daarnaast is er beperkt 
onderzoek gedaan naar de kosteneffectiviteit van interventies. Het hoofddoel van 
deze thesis is het onderzoeken van de effectiviteit en kosteneffectiviteit van een 
therapietrouw-bevorderende interventie (AIMS) in HIV-zorg. Tevens worden de 
resultaten samengevat van beschikbare studies die de kosteneffectiviteit van thera-
pietrouw-bevorderende interventies hebben onderzocht. Ten slotte hebben we on-
derzocht hoe kwaliteit van leven als uitkomstmaat toegepast kan worden in experi-
mentele studies en hoe de rapportage verbeterd kan worden van de standaardzorg 
die geleverd wordt aan controle groepen in die studies.

Hoofdstuk 2 beschrijft de systematische review van de kosteneffectiviteit van thera-
pietrouw-bevorderende interventies die in het verleden zijn onderzocht. Hoewel er 
veel onderzoek is gedaan naar de effectiviteit van therapietrouw interventies zijn 
er slechts 14 studies beschikbaar die de kosteneffectiviteit van therapietrouw inter-
venties hebben onderzocht. Vier studies lieten positieve resultaten zien wat betreft 
kosteneffectiviteit, maar van slechts twee van deze studies was de methodologi-
sche kwaliteit voldoende. Over het algemeen verschilde de methodologische kwali-
teit aanzienlijk tussen studies en slechts vier studies werden beschouwd als ‘hoge 
methodologische kwaliteit’. Dus ondanks dat sommige therapietrouw interventies 
werden gezien als kosteneffectief, en dat studie-auteurs neigden hun interventies 
als kosteneffectief te presenteren, is de kosteneffectiviteit van vele interventies niet 
geheel duidelijk.
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Hoofdstuk 3 beschrijft de opzet van de gerandomiseerde studie om de (kosten)
effectiviteit van de AIMS interventie te evalueren, vergeleken met standaardzorg. 
Het belangrijkste element van de AIMS interventie is het elektronisch registreren 
van therapietrouw met behulp van MEMS-caps (MWV Healthcare). De MEMS-
cap is een elektronische pillenpot die registreert op welke datum en tijd het potje 
wordt geopend. De HIV-verpleegkundige kan deze data online downloaden en de 
data wordt vervolgens getoond in een grafiek. Vervolgens kunnen patronen van 
therapieontrouw geanalyseerd worden, redenen voor therapieontrouw kunnen 
besproken worden, en mogelijke oplossingen voor therapieontrouw kunnen gefor-
muleerd worden. De primaire uitkomstmaat voor de effect studie is log viral load 
in bloed. De secondaire uitkomstmaten zijn detecteerbare versus ondetecteerbare 
viral load en falen op behandeling. De studie zal worden uitgevoerd in zeven Ne-
derlandse HIV-klinieken (Academisch Medisch Centrum, Amsterdam; Slotervaart-
ziekenhuis Amsterdam; St. Lucas-Andreas Ziekenhuis, Amsterdam; Leids Uni-
versitair Medisch Centrum, Leiden; HAGA ziekenhuis, Den Haag; Isala Klinieken, 
Zwolle; Erasmus Medisch Centrum, Rotterdam). De kosteneffectiviteit (kosten 
per verlaging van een log viral load en kosten per voorkómen patiënt die faalt op 
behandeling) en de kostenutiliteit analyse (kosten voor een gewonnen levensjaar 
in volledige gezondheid; QALY) worden uitgevoerd vanuit een maatschappelijk 
perspectief met een tijdsduur van een jaar.

Hoofdstuk 4 beschrijft de relatie tussen (gezondheid-gerelateerde) kwaliteit van 
leven en algemeen welbevinden. Algemeen welbevinden is een bredere uitkomst-
maat dan gezondheid-gerelateerde kwaliteit van leven en wordt ook wel gezien als 
de wetenschappelijke equivalent van geluk. De relatie werd onderzocht omdat er 
steeds meer interesse is in het verbeteren van algemeen welbevinden, in plaats 
van alleen verbeteren van gezondheid-gerelateerde kwaliteit van leven. De relatie 
werd onderzocht in een cross-sectionele vragenlijst, afgenomen bij 191 deelne-
mers uit het AIMS onderzoek. Structural Equation Modeling werd gebruikt om de 
onderlinge relaties tussen de concepten te exploreren. De resultaten lieten zien 
dat algemeen welbevinden direct gerelateerd was aan mentale gezondheid, (de 
veiligheid en tevredenheid met) de leefomgeving, en in mindere mate aan fysieke 
gezondheid. Sociaal en financieel welbevinden waren indirect gerelateerd aan 
algemeen welbevinden. De primaire focus van HIV-zorg is fysieke gezondheid, 
maar deze resultaten suggereren dat de leefomgeving en mentale gezondheid 
belangrijker zijn voor algemeen welbevinden. HIV-zorg zal vanuit dat perspectief 
actiever problemen moeten identificeren op deze gebieden en patiënten doorver-
wijzen waar nodig.

De standaardzorg die geleverd aan controle groepen wordt doorgaans in on-
voldoende detail beschreven in studies naar gedragsveranderings-interventies, 
hoewel meta-analyses hebben aangetoond dat de standaardzorg sterk kan ver-
schillen tussen studies en dat de kwaliteit van standaardzorg een impact heeft op 
effectgroottes van interventies. Het is echter niet duidelijk hoe de actieve inhoud 
(gedragsveranderings-technieken) van standaardzorg betrouwbaar én praktisch 
kan worden gemeten. In hoofdstuk 5 werd de betrouwbaarheid en de bruikbaarheid 
onderzocht van een open vragenlijst om de standaardzorg te meten die geleverd 
wordt aan controle groepen. De vragenlijst werd ingevuld door de 21 HIV-ver-
pleegkundigen die deelnamen aan de AIMS studie. De open vragen waren gericht 
op de elementen die doorgaans aan bod komen bij therapietrouw ondersteuning: 
informeren van patiënten, motiveren van patiënten, gedragsdoelen bepalen, pro-
blemen oplossen, en een onderscheid hierin werd gemaakt tussen activiteiten die 
tijdens de start van behandeling aan bod komen en activiteiten tijdens daaropvol-
gende consulten. Twee onderzoekers codeerden onafhankelijk van elkaar gedrags-
veranderings-technieken op basis van de antwoorden die de HIV-verpleegkundi-
gen gaven. De resultaten lieten zien dat de antwoorden van HIV-verpleegkundigen 
volledig en duidelijk waren, dat de open vragenlijst praktisch en bruikbaar was, en 
dat de meeste gerapporteerde tekst betrouwbaar gecodeerd kon worden met een 
taxonomie voor gedragsveranderings-technieken (aangepast voor therapietrouw 
ondersteuning). Tevens werden grote verschillen gevonden tussen de kwaliteit 
van standaardzorg tussen HIV-verpleegkundigen (het aantal gecodeerde gedrags-
veranderings-technieken per verpleegkundige varieerde van 7 tot 19). Deze studie 
laat dus zien dat het belangrijk is om standaardzorg die geleverd wordt aan con-
trolegroepen zorgvuldig en nauwkeurig te meten en te rapporteren.

Hoofdstuk 6 beschrijft de resultaten van de effectiviteit van AIMS. Eenentwintig 
HIV-verpleegkundigen in zeven HIV-klinieken randomiseerden een heterogene 
groep van 223 patiënten naar de AIMS interventie of naar standaardzorg. De re-
sultaten lieten zien dat de interventie effectief was, zowel met ‘log viral load’ als 
uitkomstmaat over alle tijdpunten heen (F(1,199) = 7.23, p = .008), als met ‘detec-
teerbare versus ondetecteerbare viral load’ als uitkomstmaat (interventie patiën-
ten hadden een 2.03 (95% CI 1.06 tot 3.89) hogere kans op een ondetecteerbare 
viral load over alle tijdpunten heen), en met behandel-succes als uitkomstmaat 
(controle patiënten hadden een 3.08 (95% CI 1.18 tot 7.94) hogere kans om te 
falen op behandeling). De AIMS interventie was dus effectief op klinisch relevante 
uitkomstmaten. 

Hoofdstuk 7 beschrijft de resultaten van de kosteneffectiviteit en kostenutiliteit 
van AIMS. De kosteneffectiviteit studie liet veelbelovende resultaten zien, met een 
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55% tot 95% kans op positieve kosteneffectiviteit bij een willingness to pay van €0 
tot €5,000 (of hoger) voor een log verlaging in viral load, en een 53% tot 95% kans 
op positieve kosteneffectiviteit bij een willingness to pay van €0 tot €14,000 (of 
hoger) voor elke patiënt die niet faalt op behandeling. De resultaten van de koste-
nutiliteit studie waren echter minder overtuigend. De effecten van de AIMS inter-
ventie op gezondheid-gerelateerde kwaliteit van leven en maatschappelijke kosten 
waren marginaal. Hierdoor was de kostenutiliteit van AIMS over de gehele trial 
periode (de basis analyse) nagenoeg gelijk aan standaardzorg (een 55% tot 53% 
kans op positieve kosteneffectiviteit bij een willingness to pay van €0 tot €70,000 
per QALY). Echter, de primaire sensitiviteit analyse die alleen gebruik maakt van 
baseline en einde studie data (een analyse met minder ontbrekende data en ver-
gelijkbare recall periodes) liet zien dat er een 80% tot 68% kans is op positieve 
kosteneffectiviteit bij een willingness to pay van €0 tot €70,000 per QALY. Uit de 
geplande modellering studie (waarin resistentie gevaar en infectie risico worden 
meegenomen) zal moeten blijken hoe kosteneffectief AIMS op de lange termijn is.

Samenvattend kan men zeggen dat therapieontrouw aanzienlijke klinische en fi-
nanciële gevolgen heeft. Desondanks is de kosteneffectiviteit van slechts een klein 
aantal therapietrouw-bevorderende interventies onderzocht. Van deze interventies 
lijkt slechts één interventie (gericht op COPD patiënten) effectief, kosteneffec-
tief, en volledig beschreven. De effectiviteit en kosteneffectiviteit van de AIMS 
interventie in HIV-zorg werd vergeleken met standaardzorg en onderzocht in een 
grootschalige gerandomiseerde studie. Het onderzoek was opgezet en gerappor-
teerd volgens geaccepteerde methodologische standaarden. De AIMS-interventie 
bleek effectief, en er zijn aanwijzingen dat de AIMS-interventie ook kostenef-
fectief is. De thesis heeft bovendien een bijdrage geleverd aan het beter meten 
en rapporteren van de zorg geleverd aan controle groepen in gedragsverande-
rings-interventies. Ten slotte heeft dit onderzoek laten zien dat patiënten voordeel 
kunnen hebben als HIV-zorg mentale gezondheid en kwaliteit van leefomgeving 
routinematig meet en eventuele problemen op deze domeinen aanpakt. Naast de 
methodologische bijdrage van dit proefschrift verwachten we dat implementatie 
van de AIMS-interventie in HIV-zorg zal leiden tot een verhoogd behandelsucces 
en verbeterd welbevinden van patiënten. De (gezondheid-gerelateerde) opbreng-
sten zullen hierbij opwegen tegen de maatschappelijke kosten die AIMS met zich 
meebrengt.
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