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ABSTRACT

Introduction: Randomized controlled trials (RCTs) are important sources of evidence that strongly
influence guidelines for patient management, including for elevated blood pressure in adults.

Areas covered: Critical questions regarding the interpretation of hypertension trial results have
recently increased, especially for concerns over methodology. In particular, investigator adherence to
the protocol and patient adherence to investigational drugs are often far from optimal. These issues
may be ignored or underreported because physicians’ behavior during trials is often not monitored and
patients’ medication adherence is neither measured adequately nor reported or analyzed in the final
report or in the publication. This situation may lead to misinterpretations of study results and mis-
evaluations of the safety and efficacy profile of new drugs. In this short review, the problem of
measuring, reporting, and analyzing drug adherence in RCTs is discussed and illustrated with several
examples in the field of hypertension.

Expert opinion: The main conclusion is that drug adherence should always be measured in clinical
trials, possibly with more than one method. In addition, prespecified analyses of adherence data should
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be included in the statistical plan of all trials to improve their overall quality.

1. Introduction

In international guidelines on the management of hypertension in
adults, such as the recent 2023 guidelines of the European Society
of Hypertension [1] or the 2020 Practice Guidelines of the
International Society of Hypertension [2], authors consider that
results obtained from randomized controlled trials (RCTs) with
cardiovascular outcomes (or any meta-analysis of these trials)
provide the highest level of evidence enabling high-level clinical
recommendations. Sometimes, large observational studies are
also considered especially when their results align with those of
RCTs [3]. The main assumption is that RCTs produce solid conclu-
sions because they follow a strict protocol with enough patients
carefully selected based on inclusion and exclusion criteria and
their statistical power is adequate. Patients enrolled in these trials
are usually motivated [4] and are supposed to follow all the
instructions they have received for participating in a clinical trial,
including those regarding drug intake, the report of side effects,
the completion of questionnaires and the need to follow carefully
the schedule of visits. Moreover, non-adherent patients are often
excluded during the run-in phase [5] and enrolled patients are
monitored very closely with a high frequency of visits during the
trial follow-up. Therefore, medication adherence is thought to be
much higher in clinical trials than in the real life where it averages
~50% in most chronic diseases [6-10]. In a review of 192 RCTs
assessing pharmacological treatments in 6 major chronic diseases,
including hypertension, drug adherence was assessed only in 35%
of trials [11]. When reported, the median intake of prescribed

medication was 93%, and the median proportion of ‘nonadherent’
patients was 6.2% but with a large variability [11].

For their part, participating physicians must follow strictly the
protocol in all its aspects including the monitoring of drug intake
or up- and down-titration of medications whenever recom-
mended by the protocol. However, it seems that this ideal pat-
tern is not always respected in RCTs. Regarding the adherence to
the protocol, several factors that might reduce confidence in
a RCT are known such as failure to conceal allocation, failure to
blind, failure to adapt treatments as requested, or use of unvali-
dated outcome measures [3]. However, critical assessments of
investigator adherence are rare. In a post-hoc analysis of four
very large clinical trials in hypertension (LIFE, ASCOT, VALUE and
ACCOMPLISH), Kjeldsen et al. [12] have analyzed the reasons why
large fractions of patients in these trials remained uncontrolled
for their high blood pressure (BP) at the end of the study. It
appears from this analysis that many investigators did not up-
titrate the study drugs to higher dosing levels or did not use drug
combinations according to the study protocols. This lack of
adherence to the protocol, that one could also call medical
inertia, was a major cause of not reaching BP targets in these
trials. This observation illustrates the importance of poor adher-
ence and protocol violations within large clinical trials, which
should not be underestimated as they may jeopardize the quality
of the trials by enhancing patients’ withdrawal and reducing the
ability to complete the study with a sufficient statistical power
and hence to draw valid scientific conclusions. For these reasons,
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Article highlights

o Data on drug adherence are important for an adequate interpretation
of clinical trial results when investigating new drugs or therapeutic
strategies.

e Today, adherence data in large clinical trials are either missing or
poorly reliable or underused as they are rarely considered in statis-
tical analyses.

o The lack of integration of adherence data in study analyses may lead
to important clinical consequences such as a wrong interpretation of
efficacy and safety data.

o The expert suggests that important improvements should be made
for a better integration of drug adherence in trials starting with
a generally accepted definition of what is a good adherence and
improvements in the way drug adherence is measured.

¢ Investigators should consider the use of new methods taking advan-
tage of the most recent developments in digital technologies.

e In any case, drug adherence should always be measured (possibly
with more than one method) and analyzed like any other clinical
parameter in trials.

o To this purpose, analyses of adherence data should always be
included in the statistical plan of new trials to improve their overall
quality.

e Lastly, increasing the awareness of the problems associated with
a poor adherence to medication is an important target in clinical
studies as well as in clinical practice.

strict adherence to the protocol deserves to be considered as
a major parameter in clinical trials, which contributes to their
success.

2. Prevalence and reporting of poor adherence in
clinical trials

Measuring patient adherence in clinical trials submitted for
registration is of upmost importance as a poor adherence in
trial may lead to inaccurate estimates of the efficacy, safety, and
benefit - risk balance of a new medicine or treatment strategy.
Early analyses of RCTs have reported that only 43% to 78% of
participants receiving treatment during a clinical trial for
chronic conditions could be classified as being adherent [13].
More recently, Mantila et al. [14] performed a cross-sectional
analysis of European Medicines Agency marketing authorization
dossiers for new medicines submitted between 2010 and 2020.
Their analysis covered 5 medical topics e.g. diabetes, respiratory
conditions, cardiovascular diseases, infectious diseases, and
oncology. Overall, 253 clinical trials were reviewed and among
them, only one did not measure adherence. Assessment of
adherence was done using quantitative methods in 87% of
studies while 13% of trials monitored adherence but did not
further quantify it. In this analysis, pill count (52.7%) was the
most frequently used method of adherence monitoring either
as a single method or in combination with another method,
mainly with diaries. Electronic assessment of adherence repre-
sented only about 2-3% of assessment methods. According to
this analysis, the reported mean adherence rates were very high
in all medical conditions usually > 95% [14]. However, the defi-
nition of adherence was not homogeneous between trials and
there was a wide heterogeneity in the way adherence figures
were reported. Interestingly, the range of adherence levels
(from minimum to maximum) was often high (from 0 to

100%) with frequent measurements>100% suggesting
a potential problem with the drug management or with the
method used to assess adherence. Indeed, when the medica-
tion possession ratio (MPR) is used to measure drug adherence,
results could be greater than 100% because the method
accounts for stockpiling. When adherence is measured using
the percentage of days covered (PDC), then adherence ranges
between 1-100%. When strictly limited to the pill count, adher-
ence may also be greater than 100% because patients receive
a higher number of pills than needed to cover the days
between two terms to prevent a gap in treatment if the term
is delayed. These data actually confirm older observations,
which concluded that the variability of drug pill count can be
large and that reports of overall pill counts are generally sub-
optimal with a tendency to overestimate the true adherence
rate [15]. In another post-hoc analysis of 95 clinical studies,
Blaschke et al. reported that ~ 50% of 16'907 study participants
exhibited substantial deviations from the dosing regimen out-
lined in the study protocol [16]. In hypertension, analysis of 21
phase IV clinical studies showed that about half of the patients
who were prescribed an antihypertensive drug had stopped
taking it within one year [7]. Dodd et al. [17] reviewed the
extent to which non-adherence to treatment protocol was
reported and addressed in 100 publications of RCTs randomly
selected from the British Medical Journal, the New England
Journal of Medicine, the Journal of the American Medical
Association and The Lancet during 2008. Specifically, they
reviewed the extent and nature of reported non-adherence to
treatment protocol, and whether statistical methods were used
to examine the effect of non-adherence on both benefit and
risk analyses. Interestingly, non-adherence to treatment proto-
col was reported in 98 of the 100 trials, but the reporting was
often considered as vague or incomplete. Reporting of treat-
ment initiation and completeness was inadequate in 2/3 of
trials with short-term interventions and 89% of trials with long-
term interventions. Of note, adherence to randomized interven-
tions was also poor (~42%) in the reporting and analysis of
these published RCTs.

The above-mentioned observations on adherence monitoring
and reporting in RCTs explain why, in the absence of
a standardized reporting procedure of adherence issues, it is
difficult to estimate precisely the prevalence of non-adherence
in RCTs.

3. Methods used to assess adherence in clinical
trials

There is no gold standard method for the measurement of
drug adherence in clinical trials as well as in real-life clinical
practice. Thus, several methods have been used, each of them
having its own advantages and limitations as reviewed
recently by Vrijens et al. [18] and summarized in Table 1.

3.1. Pill count

As mentioned above, pill count is the most frequent method
used to monitor drug adherence in clinical trials. The principle
is simple, cheap and easy to apply. It consists in counting
manually the number of pills or tablets remaining in
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a medication container at study visits. The assumption is that
the number of pills dispensed minus the number of pills
remaining reflects the number of doses that have been effec-
tively taken by the patient. By comparing the expected num-
ber of pills to be taken with the actual count, researchers can
estimate the average level of adherence to the prescribed
medication regimen.

This method has some obvious limitations including errors
in counting pills, patients not consuming the pills removed
and instances where patients drop pills prior to their visit to
please the investigators and to avoid being excluded from the
trial (desirability bias). Thus, this procedure, like many others,
is exposed to a high risk of manipulation inducing an over-
estimation of adherence. Other important issues regarding the
use of the pill count in RCTs are: i) the incapacity to define
scientifically what is an acceptable threshold. This latter is
often set at > 80% without a real pharmacological justification
[19] and ii) data from pill count are often unavailable to study
statisticians and are not utilized for analyses according to the
level of adherence or for a risk-based quality management.
Actually, several of these limitations are not specific of the pill
count method are shared by other methods discussed below.
Thus, although pill count is frequently used in RCTs to docu-
ment a presumed adequate adherence, it remains a poorly
reliable method that should not be used alone.

3.2. Patient self-reported adherence

In fact, pill count is often associated with patient self-reported
data collected using either questionnaires or diaries. Self-
reported adherence is used in about 27% of RCTs [18].
Patient self-reported adherence and pill count share some
common limitations. One of them is the desirability bias and
the generation of a favorable adherence profile answering
positively to all questions. Other possible bias may be the
acquiescence bias whereby individuals agree regardless of
how they feel and the extreme positive bias when subjects
remember positive or pleasant aspects more accurately than
negative ones. When using questionnaires, a great variability
has been observed associated with the profile and attitude of
the person administering and completing the questionnaire.
In addition, the quality of answers may be affected by the time
component, a recall period longer than 4days backwards
about medication adherence being particularly imprecise
[20], even though longer recall windows of up to 30 days
have been found to be valid for example in HIV studies [21].

Diaries can be in paper or electronic forms and are
designed to capture several information needed from partici-
pants during a clinical trial such as the time of medicine intake
or the tolerability of the investigational compound. Diaries are
usually easy to develop and to use but subjects may forget to
complete them. Transferring data from paper diaries to elec-
tronic database may be cumbersome. Today, electronic ver-
sions of diaries using tablets or the patient’s phone are
preferred because they can also record the day and the time
when data were entered thus preventing last minute comple-
tion of diaries. This approach appears to be more reliable than
paperwork although it has a limited use for monitoring drug
intake. Indeed, as the action of recording the event is often

disconnected from the actual medication intake, data gener-
ally lead to exaggerated levels of adherence.

Therefore, self-reported adherence is also considered as
a method with a low reliability due to a high variability and
a significant tendency to overestimate the true level of
adherence.

3.3. Measurements of medicine levels in blood or urine

The measurement of drug levels in blood and urine should be
the most reliable method to assess drug adherence in RCTs as
it confirms that the drug under investigation has been
ingested and circulates in the body [22]. In the field of hyper-
tension, drug measurements in urine have become increas-
ingly popular to identify the potential causes of apparent
resistant hypertension, a clinical situation in which patients
remain hypertensive despite the prescription of at least 3
antihypertensive drugs [22-24]. A recent study has shown
that when combined with personalized feedback in resistant
hypertension, drug concentration measurements can improve
drug adherence significantly [25]. Yet, this method has also
some intrinsic limitations. The first is that not all compounds
and their metabolites are measurable in blood or urine.
The second is the lower limit of detection of the method as
non-adherence can be confirmed only when no drug is found
in the urine or plasma [26]. The third is that the presence of
the drug in the blood or urine at trough depends on the
pharmacokinetics of the drug. Thus, some drugs may disap-
pear rapidly from the body in rapid metabolizers. At last, the
most important limitation is that the reliability of this adher-
ence measure is limited to a few days preceding the sampling
and these measurements may be influenced by the white-coat
adherence, according to which drug adherence increases a few
days before and after medical terms [27].

Rather than measuring drug levels, it is also possible to
monitor drug adherence by measuring the biological target of
the drug such as glucosuria in the case of SGLT2 inhibitors,
heart rate with the administration of beta-blockers or a marker
of angiotensin-converting enzyme (ACE) activity (urinary
N-acetyl-seryl-aspartyl-lysyl-proline/creatinine  ratio) when
ACE inhibitors are prescribed [28]. These approaches may be
easier and cheaper. However, they are not recognized as reli-
able methods to measure adherence.

3.4. Electronic monitoring of drug intake

The use of electronic monitoring packaging systems to mea-
sure drug adherence in clinical studies started more than 20
years ago with the development of the Medication Event
Monitoring System (MEMS®) [29]. The first device consisted
of a chip integrated in the cap of a pillbox. The chip auto-
matically recorded the date and the time of each box opening.
The main advantage of the system is that one can obtain
a real-time dosing history. Of course, opening the box does
not necessarily mean that a pill is taken and ingested.
Therefore, pill count is often associated to the electronic mon-
itoring. However, important information can also be obtained
from the non-openings. In that case, it is certain that no pill
was taken. In validation studies, electronically recorded dosing
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histories align with bioanalytical measures in 97% of cases
[30]. When compared directly with the results of the MEMS
device, median adherence is grossly overestimated by 17%
using self-report and by 8% using pill count [29]. Thereafter,
the electronic monitoring system has been improved with the
addition of a LCD (liquid crystal display) on the cap indicating
how often the box has been opened during the last 24 h and
later the system has been adapted to blisters, inhalers, cream
tubes, eye drop containers and injectables.

In addition to providing a dosing history, the use of elec-
tronic monitoring systems, such as the MEMS device, offers
the possibility to give a feedback to patients regarding their
adherence over weeks or months and to discuss with them
the difficulties and barriers they have encountered with the
management of their drugs [31]. This empowerment of
patients has a very positive impact on long-term adherence
to medications. Electronic monitoring packaging systems have
been used increasingly in RCTs with some success. In
a systematic review of 32 studies among which 22 tested the
ability of electronic medication packaging to improve drug
adherence as an integrated intervention, the difference in
mean adherence between the placebo and the interventional
group ranged between 1% and 34% [32]. As illustrated in
Figure 1, the improvement depended on the level of adher-
ence in the placebo group. In RCTs, one advantage of this
methodology is that data can be utilized statistically to evalu-
ate the impact of adherence on prespecified outcomes [33].

The concept of electronic monitoring of adherence has
further evolved with the development of ‘smart pills’ with
the integration of the chip directly in the pill [34]. The sensor
emits a signal when it encounters the acidic environment of
the stomach, and the signal is detected by a wearable external
patch and linked to a mobile device app. With this approach,
longitudinal adherence data are collected in the form of daily
progress charts for sensed dosing events and the pill ingestion

40
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Improvement
in adherence
obtained with EM

(%) 20 °
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is ascertain. Patients can also obtain medication adherence
feedback consulting their phone or tablet. This approach has
been tested in patients with hypertension and type 2 diabetes
[34,35]. Interestingly, although patient know they were mon-
itored, adherence is not 100% in most patients because there
are several ways to escape the monitoring. So far, the very
high cost of this technique has limited its use in clinical trials
as well as in clinical practice.

3.5. Direct observation

This approach involves participants being observed taking
their investigational drug during the trial. With this method
drug intake is ascertain but it is a costly and time-consuming
process for both the participant and the study staff. The
method has been used essentially in the development of
tuberculosis therapies [36]. This method could be used in
RCTs involving a small number of subjects, for example in
phase 1 or 2 studies. It may also be used in trials where the
drug needs to be given by medical staff, e.g. by injection or
infusion. For example, this has been the case with the sub-
cutaneous injection of the small RNA interference therapeutic
agent zilebesiran to block angiotensinogen generation and
hence to lower blood pressure in hypertensive patients [37].

3.6. Administrative and pharmacy dispensing claims

In the last decade, new trial designs have been proposed that
could progressively replace RCTs [38]. These new experimental
designs, named for example umbrella study, basket study,
platform study or master observational trials (MOT), should
enable to obtain high-quality evidence in a cheaper and
more effective way than RCTs and to include several new
aspects of research such as genomics or new biomarkers
[38]. These new types of observational studies might use
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Figure 1. Relation between adherence levels in the placebo group and the improvement in adherence induced by electronic monitoring packaging systems in the
interventional group. This figure has been created de novo based on data collected in a recent review by Checchi et al. [32].

EM: electronic monitoring.
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different sources of data to assess adherence [38,39]. Indeed,
in many countries, nationwide administrative and prescription
claims have become more accessible, and this could enable to
identify non-adherent patients in studies. This approach was
investigated by Glassberg et al. [40] in 1425 patients. Patients
with more than a 30-day gap in refill history were identified
using prescription claims and were interviewed by pharma-
cists to assess the reasons for nonadherence. The positive
predictive value of claims records in identifying nonadherent
patients was 0.72 suggesting that prescription claims may
underestimate adherence. Authors identified two reasons for
patients to be misclassified e.g. discontinuation of medication
on prescribers’ directions and having an alternate channel for
receiving the medication.

Thus, administrative as well as prescription claims might
become a new tool to assess drug adherence in large clinical
trials after some improvements and additional validation
studies.

3.7. New technologies

In recent years, great efforts have been made to develop new
technological approaches taking advantages of the multiple
new developments in biosensor technologies resulting in
wearable or implantable sensors enabling a continuous mon-
itoring of drug levels in acute as well as in chronic clinical
conditions [41]. These approaches may provide the opportu-
nity to obtain an automated, non-invasive

monitoring with a continuous follow-up of drug levels or
biochemical parameters and the possibility to adapt the drug
dosing online using artificial intelligence combined with
implanted drug delivering devices and biomarker monitoring
as it is already possible in patients with diabetes [42,43]. Long-
acting drug delivery systems, including injectable depots,
refillable devices and in situ-forming hydrogels, are being
developed to improve medication adherence, reducing the
need for frequent drug administration [44]. Yet, these devel-
opments will need to be validated not only for their reliability
but also for their technical and ethical acceptability. Their
usefulness in RCTs will have to be demonstrated particularly
in placebo-controlled studies.

4. Impact of non-adherence on device and drug
efficacy studies

A poor adherence to studied medications or devices can have
a major impact on the validity and interpretation of study
results. As illustrated in Table 2, the consequences of patients’
non-adherence and its negligence in the analysis of trial data
are multiple from the inability to assess the efficacy and safety
of an investigational drug or to conclude on a new treatment
strategy to an inappropriate interpretation of study results.

In the field of hypertension, two recent examples of the
negative impact of significant variations in drug adherence on
study results were published. The first concerned the demon-
stration of the antihypertensive efficacy of renal denervation
in patients with resistant hypertension. In this prospective,
single-blind, randomized, sham-controlled trial, Bhatt et al.

Table 2. Some possible unwanted consequences of non-adherence in clinical
trials.

Unwanted consequences

Scientific: Inability to reach valid study conclusions
Efficacy
Production of outcomes on study endpoints unrelated to
treatment assignment
Falsely negative or inconclusive results
Inaccurate determination of the optimal dosing in drug
development studies leading to overestimation of dose
requirements
Scientific: Inappropriate assessment of drug safety
Safety
Statistics Adverse impact on sample size and statistical power
Increase patient withdrawal and the need for new patients’
recruitment
Economic Increased costs

Delay in drug registration

[45] could not demonstrate a significant reduction of BP in
patients with resistant hypertension 6 months after renal-
artery denervation as compared with the sham procedure.
The main reason was that a marked reduction in BP (-11.7
mmHg systolic BP) was observed in the sham-controlled
group. This marked decrease in BP was probably due to sig-
nificant variations in drug adherence between baseline and
the follow-up period. Indeed, all patients were receiving at
least 3 antihypertensive drugs, which should have been main-
tained stable throughout the study period and this was prob-
ably not the case in the control group. In fact, several authors
reported significant variations in drug adherence in patients
treated with a renal denervation, which could reach up to 31%
in some studies [46-50]. One group of investigators concluded
their renal denervation study affirming ‘Changes over time in
adherence are common and daffect treatment estimates consid-
erably. Objective measurement of medication adherence during
follow-up is strongly recommended in randomized trials’ [47].

Another example of an excessive ‘placebo effect’ due to
variations in drug adherence was reported in the study of the
new endothelin receptor antagonist aprocitentan in patients
with resistant hypertension [51]. In the first phase of the study,
a significant initial decrease in systolic BP was observed in the
placebo group (—11.5 mmHg), which considerably blunted the
difference between the aprocitentan and the placebo groups.
In this context, one hypothesis was that patients withdrew
their baseline treatment during the run-in phase to meet the
inclusion criteria. Once enrolled, however, patients restarted
their therapy leading to a significant reduction of BP in the
placebo group. This observation nicely illustrates the need to
monitor drug adherence adequately during the entire study
period starting during the run-in phase to avoid such disturb-
ing artifacts.

Analyzing efficacy data according to drug adherence may
also change the interpretation of study results. One example
comes from the study of Azizi et al. [52] who compared
a treatment strategy based on sequential nephron blockade
(SNB) to a strategy based on sequential blockade of the renin-
angiotensin system (RAS) in patients with resistant hyperten-
sion. In their first publication [52], they demonstrated that SNB
was slightly superior to sequential RAS blockade with a greater
number of patients having a well-controlled BP at the end of
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Table 3. Suggested ways to mitigate the impact of non-adherence in randomized controlled trial.

Identify adherence issues in the trial preparation and run-in phases

phase.

Identify approaches to directly improve adherence to the trial protocol and/or the investigational drug.

Identify and select patients who are likely to adhere to treatment, but only prior to randomization, not afterward. Use subject registries if available.
Prespecify who will be included in the final analysis based on information available on subjects prior to randomization.

Consider performing pharmacokinetic sampling on background treatments and consider a biomarker or medication adherence technology during the run-in

Provide standard adherence monitoring and support to all participants in both active and placebo arms.

e Monitor individual subject adherence with a medication adherence technology, not pill counts alone; when appropriate, provide subjects and investigators

with prompt feedback when nonadherence is detected.

o Discontinue promptly subjects who are deceptive, duplicate, or egregiously nonadherent. This may be desirable to minimize the negative impact of these

subjects’ data.
e Include a prespecified analysis of adherence data in the statistical plan.

o Consider stratification of subpopulations based on adherence and behavior.

o Utilize known adherence data when designing a new protocol and taking go/no-go decisions in later studies.

the observation period. However, in a pre-specified analysis
taking into account the level of drug adherence during the
study, the ability of SNB to lower BP was significantly greater
than that of sequential RAS blockade and in addition,
a significant regression of target organ damages (left ventri-
cular hypertrophy and pulse wave velocity) could be demon-
strated with the SNB but not with sequential RAS
blockade [53].

Yet, whether data should be analyzed according to the
level of adherence in all RCTs remains controversial. Indeed,
on one hand, investigators advocate that study results should
be analyzed independently of drug adherence during the trial
as this may better reflect the real-life situation. Moreover,
depending on the drug profile, non-adherence may limit side-
effects including life-threatening events [54]. On the other
hand, one can argue that when investigating the efficacy
and safety of a new drug, results obtained in non-adherent
patients are not relevant and only those data obtained from
fully adherence patients should be taken into account.
Scientists want to know the efficacy and safety of drugs
when they are taken correctly. The advantage of including
reliable data on drug adherence in statistical plan offers the
possibility to do both, i.e. to have an estimation of efficacy in
the entire group of enrolled patients as well as in fully adher-
ent patients. Today, these aspects are bypassed using statis-
tical methods such as intention to treat or per-protocol
analyses.

5. Conclusions

There is now increasing evidence demonstrating that the level
of adherence has an important impact on the quality of RCTs.
The multiple negative consequences of either a poor respect
of the study protocol by investigators or a low patient adher-
ence to investigational drugs are now well recognized.
Without data on adherence, investigators are unable to define
the appropriate dosage, often leading to overestimated dos-
ing requirements, and cannot evaluate reliably the efficacy
and the safety of drugs [18] or devices [50]. Consequently,
drug doses put on the market are frequently set too high,
resulting in an elevated risk of side effects and treatment
discontinuation [55]. Therefore, several groups of experts
such as those of the International Society for CNS Clinical
Trial Methodology (ISCTM) Working Group on Non-
adherence [56] or those of the European Society for Patient

Adherence, COMpliance, and Persistence (ESPACOMP)
Medication Adherence Reporting Guideline (EMERGE) [33,57]
have proposed recommendations on how to mitigate the
effects of non-adherence and how to prevent, report and
include in the statistical plan, data on adherence in RCTs.
Some of the main recommendations are listed in Table 3.

To adequately interpret the results of RCTs, it is crucial to
consider the variations in adherence during the study. This
aspect is now strongly recommended by registration autho-
rities. In the future, adherence should be monitored ade-
quately in all RCTs preferably using more than one method.
Drug adherence data should be reported and analyzed in the
same way other biological and clinical parameters are.
Prespecified analyses of the efficacy and safety in relation to
the levels of adherence should be provide in all RCTs.

6. Expert opinion

Non-adherence to the study protocol by investigators and to
medication intake by patients are key issues, which deserve
more attention when planning and conducting a large hyper-
tension RCT. Unfortunately, these important issues, particularly
drug adherence, have been largely underestimated or even
ignored during the last decades even though most studies
have included some form of drug adherence monitoring and
follow-up of protocol violations by investigators. Yet, to impact
relevant real-world outcomes deducted from the results of RCTs,
improvements are still necessary. This concerns the way adher-
ence is defined, measured, and analyzed in trials.

A first step is the necessity to improve the definition of
adherence in RCTs as well as the methodology used to assess
it reliably throughout the study. As mentioned previously,
most studies monitor drug adherence but the definition of
adherence and the thresholds for considering drug adherence
as acceptable and sufficient differ markedly between studies.

Techniques used to measure adherence, pill count being
the most used technique, are known to have a poor relia-
bility because they are exposed to several potential bias.
Today, new strategies are already available, such as the
integration of a microchips in each pill, that can circumvent
several of the known limitations of classical approaches
including the most advanced ones (measurements of drug
levels, electronic monitoring). An intense research activity is
ongoing on how to improve adherence measurements
using digital technologies [41,44]. At last, research is also
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focusing on the development of new types of clinical stu-
dies based on large populations [38]. One good example is
the ability to gather important clinical information on new
drugs/treatments based on administrative and pharmacy
claims gathering data and information from very large
patient populations. These ongoing developments will
enable to enhance the awareness of adherence as a key
parameter to assess the safety and efficacy of drugs. They
will have to be considered with more attention in the
future and implemented in new trials to obtain strong
scientific conclusions in all study aspects e.g. efficacy, safety
and analyses of the clinical and socio-economic benefits.

In this respect, it is also mandatory that drug adherence
data are reported as any other biological parameter and
analyzed correctly in all statistical analyses. One strong
recommendation is that adherence and their analyses
belong to the prespecified statistical plan. This approach is
easy to implement and will definitively provide a lot of new
clinical information for researchers and clinicians. The major
advantage of integrating such improvements in the man-
agement of RCTs is the prevention of misinterpretations of
clinical results and safety issues, which may have
a substantial impact on patients’ health. Analyses per-
formed according to the level of drug adherence might
actually limit the late discovery of adverse events.

Today, we are still lacking a ‘gold standard’ for the mea-
surement of drug adherence in trials as well as in clinical
practice. Nonetheless, substantial novel improvements and
alternatives are under investigation, which will probably
change our approach to drug development. Per se, the
increasing awareness of the problems associated with a poor
adherence to medications in trials and in real life can already
be considered as a major step forward.
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