
Series Editors: Giuseppe Mancia · Enrico Agabiti Rosei
Updates in Hypertension and Cardiovascular Protection

Michel Burnier    Editor 

Drug Adherence 
in Hypertension 
and Cardiovascular 
Protection



Updates in Hypertension and Cardiovascular 
Protection

Series Editors

Giuseppe Mancia
Monza, Italy

Enrico Agabiti Rosei
Brescia, Italy



The aim of this series is to provide informative updates on both the knowledge and 
the clinical management of a disease that, if uncontrolled, can very seriously damage 
the human body and is still among the leading causes of death worldwide. Although 
hypertension is associated mainly with cardiovascular, endocrine, and renal 
disorders, it is highly relevant to a wide range of medical specialties and fields – 
from family medicine to physiology, genetics, and pharmacology.  The topics 
addressed by volumes in the series Updates in Hypertension and Cardiovascular 
Protection have been selected for their broad significance and will be of interest to 
all who are involved with this disease, whether residents, fellows, practitioners, or 
researchers.

More information about this series at http://www.springer.com/series/15049

http://www.springer.com/series/15049


Michel Burnier
Editor

Drug Adherence  
in Hypertension  
and Cardiovascular 
Protection



Editor
Michel Burnier
Service of Nephrology and Hypertension
CHUV, University of Lausanne
Lausanne
Vaud
Switzerland

ISSN 2366-4606     ISSN 2366-4614 (electronic)
Updates in Hypertension and Cardiovascular Protection
ISBN 978-3-319-76592-1    ISBN 978-3-319-76593-8 (eBook)
https://doi.org/10.1007/978-3-319-76593-8

Library of Congress Control Number: 2018940263

© Springer International Publishing AG, part of Springer Nature 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recita-
tion, broadcasting, reproduction on microfilms or in any other physical way, and transmission or infor-
mation storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar 
methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publica-
tion does not imply, even in the absence of a specific statement, that such names are exempt from the 
relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims 
in published maps and institutional affiliations.

Printed on acid-free paper

This Springer imprint is published by the registered company Springer International Publishing  
AG part of Springer Nature 
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-319-76593-8


v

Preface

When asked about the difficulties encountered in the management of patients with 
cardiovascular risk factors such as hypertension, dyslipidemia, and diabetes, most 
practicing physicians and healthcare providers will admit that adherence to recom-
mendations and prescribed therapies is a critical issue. This is not very new as sev-
eral centuries ago, Hippocrates was already warning physicians that “[they] should 
keep aware of the fact that patients often lie when they state that they have taken 
certain medicines.”

In cardiovascular medicine, strong evidence has been gathered over the last 10 
years indicating that adherence to drug therapy is a major determinant of success in 
the primary and secondary prevention of cardiovascular events. Nevertheless, drug 
adherence remains the “poor relation” of disease management in all therapeutic 
fields. Thus, there is still a surprising discrepancy between the recognized impor-
tance and relevance of the topic and the relatively low enthusiasm for the domain in 
clinical practice as well as in research.

Several factors contribute to this apparent discrepancy including a lack of 
knowledge, methodological limitations, limited time and resources to implement 
strategies supporting adherence, and a lack of cooperation within healthcare pro-
viders. However, in hypertension, the interest for drug adherence has increased 
suddenly with the recognition of the importance of non-adherence as a cause of 
resistant hypertension. Hence, within a few years, many new developments have 
become available that can now be used not only in reference centers or in clinical 
studies but also in clinical practice. These novelties take advantage of the new 
technologies such as digital medicine, biochemical analysis based on high-per-
formance liquid chromatography-tandem mass spectrometry, information and 
mobile health technologies, and large national or regional prescription 
databases.

The goal of this book is to present these various new aspects of the adher-
ence-related sciences. The book discusses the most recent data obtained with 
new technologies, but it will also cover other, more humanistic aspects, such 
as ethical aspects and interdisciplinary approaches involving nurses and phar-
macists. Therefore, the book should catch the attention of healthcare students 
and professionals but also of industrial developers and specialists of 
e-technologies.
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Improving adherence is a major challenge for healthcare systems, and in order to 
encourage everybody to join the effort, I would like to cite Hayden B. Bosworth 
from Duke University and the National Consumers League who claimed that  
“…more health benefits worldwide would result from improving adherence to 
 existing treatments than developing any new medical treatments.”

Lausanne, Switzerland Michel Burnier

Preface
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1Taxonomy of Medication Adherence: 
Recent Developments

Michel Burnier and Bernard Vrijens

1.1  Introduction

The observation that patients do not necessarily follow recommendations provided 
by their physicians or health care providers is probably as old as medicine and one 
may wonder whether a poor adherence to instructions is not an intrinsic property of 
human beings. Already several hundred years before Jesus Christ, Hippocrates was 
warning physicians that “they should keep aware that patients often lie when they 
state that they have taken certain medicines.” This statement remains valid more 
than 2000 years later.

Even though adherence to prescriptions is a very old issue, the modern area of 
adherence to drug therapy has started in the mid-1970s when the Mac Masters 
University Medical Center organized a scientific event focused on patient compli-
ance. The major objective of this event was to discuss the potential clinical conse-
quences of non-compliance and in particular the impact of non-compliance on the 
results of clinical trials. At that time, one concern was the ability to assess quantita-
tively the correspondence between what has been prescribed and what has really 
been implemented by the patients. These discussions lead to the publication of a 
seminal book on drug adherence entitled “Compliance with Therapeutic Regimens” 
by Sackett and Haynes [1]. Thereafter, several other key publications contributed to 
the recognition of drug adherence as a major problem in clinical medicine as well 
as in clinical research. Thus, in 1995, the Royal Pharmaceutical Society of Great 

M. Burnier (*) 
Service of Nephrology and Hypertension, University Hospital, Lausanne, Switzerland
e-mail: michel.burnier@chuv.ch 

B. Vrijens 
University of Liège, Liège, Belgium

Advanced Analytical Research on Drug Exposure (AARDEX Group), Visé, Belgium
e-mail: bernard.vrijens@aardexgroup.com

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-76593-8_1&domain=pdf
mailto:michel.burnier@chuv.ch
mailto:bernard.vrijens@aardexgroup.com


2

Britain introduced the term of concordance, emphasizing the need for patients and 
health care providers to cooperate on the prescribed treatment [2, 3]. The Society 
also proposed a massive financial investment for research in the field. In 1997, the 
American Heart Association published its own statement and definition of adher-
ence to therapy with a call for action addressed to health care professionals [4]. 
Once again the text points to the importance of involving patients in any choice and 
decision but also to the role of the patient’s environment including the health care 
system.

In 2003, the World Health Organization (WHO) published a very important 
report on “Adherence to Long-term Therapies” focusing on all important clinical 
and economic consequences of a poor adherence and on the need to develop strate-
gies to improve it [5]. In contrast to previous reports, the WHO recommendations 
were not limited to drug therapy and include all aspects of the patients’ management 
such as diet or lifestyle changes. Therefore, they suggested a new definition accord-
ing to which adherence is “the extent to which a person’s behavior—taking medica-
tion, following a diet, and/or executing lifestyle changes, corresponds with agreed 
recommendations from a health care provider.”

In 2012, a new taxonomy has been published by Vrijens et al. as part of a FP7 
European project entitled “Ascertaining Barriers for Compliance: policies for safe, 
effective and cost-effective use of medicines in Europe” (ABC project) [6]. This 
taxonomy will be discussed below in more details. Table 1.1 summarizes some of 
the most relevant definitions of adherence.

Table 1.1 More relevant definitions of adherence/compliance to medications over time

Source Date Definition
Sackett DL and 
Haynes RB [1]

1976 Compliance is the extent to which the patient’s behavior  
(in terms of taking medications, following diets, or executing 
other lifestyle changes) coincides with the clinical prescription

Haynes RB 1979 Compliance is the extent to which a person’s behavior (in terms 
of taking medication, following diets, or executing other 
lifestyle changes) coincides with medical or health advices

Dracup KA and 
Meleis AL [18]

1982 Compliance is the extent to which an individual chooses 
behaviors that coincide with a clinical prescription; the regimen 
must be consensual, that is, achieved through negotiations 
between the health professional and the patient

World Health 
Organization
(WHO) [5]

2003 Adherence is the extent to which a person’s behavior—taking 
medication, following a diet, and/or executing lifestyle 
changes—corresponds with agreed recommendations from a 
health care provider

Balkrishnan R [19] 2005 Adherence is the extent to which a patient participates in a 
treatment regimen after he or she agrees to that regimen

Cramer, J et al. [8] 2008 Medication compliance is the extent to which a patient acts in 
accordance with the prescribed interval and dose of a dosing 
regimen

ABC project
(European 
consensus) [6]

2012 Adherence is the process by which patients take their 
medications as prescribed, composed of initiation, 
implementation, and discontinuation

M. Burnier and B. Vrijens
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1.2  Terminology: The Difficulty of Choosing the Right Term!

Since the 1970s, many terms have been used to characterize the difficulties that 
patients encounter in taking their treatments as prescribed. Thus, terms such as con-
cordance, agreement, cooperation, therapeutic alliance, compliance, observance, 
adhesion, and finally adherence can be found in the literature. The variety of terms 
may be even greater depending on the subtleties of each language. Selecting the 
correct term has been relatively difficult not only because of the meaning of the 
word itself but also because of the conceptual meaning and the possible associations 
of ideas. Thus, in 1990, Feinstein commented on the proliferation of terms repre-
senting compliance, describing reasons why some synonyms were not superior to 
others: “Adherence seems too sticky; Fidelity has too many connotations; and 
Maintenance suggests a repair crew. Although Adherence has its adherents, 
Compliance continues to be the most popular term” [7]. Some of these terminolo-
gies have been progressively abandoned because they did not really represent the 
concept of partnership between patients, prescribers, and health care providers, and 
had a too strong connotation of obedience of the patient to the physicians’ recom-
mendations or prescriptions. Today, adherence appears to be the preferred term 
though compliance is still frequently used as a synonym [6, 8].

1.3  The New European Consensus-Based terminology

In 2009, at the Annual meeting of the European Society for Patients Adherence, 
Compliance, and Persistence (ESPACOMP), a first consensus meeting was orga-
nized to define a new terminology/taxonomy describing patient’s medicines-taking 
behavior. Eighty persons from 13 countries attended this meeting and participated 
to the discussion. Interestingly, they were of different professional horizons but all 
were in one way or another linked to patients’ care with medications. The first con-
sensus document was then submitted for discussion in several following meetings 
until a final publication was released in 2012 [6]. The panel concluded that a differ-
ence should be made between the processes such as adherence to medications and 
the management of adherence, and the discipline studying these processes, i.e., the 
adherence-related sciences.

In this new taxonomy, adherence to medications is defined as the process by 
which patients take their medications as prescribed. Three components are parts of 
this process: the initiation, the implementation, and the discontinuation. As 
 illustrated in Fig. 1.1, drug therapy starts with the initiation, i.e., when the patient 
takes the first dose of the prescribed medication. It is a yes or no phenomenon. 
Thereafter, the implementation is the extent to which the patient’s actual dosing is 
in accordance with the prescribed dosing regimen between the initiation and the last 
dose. It is measured over a period of time and generally reported as a percentage. At 
last, discontinuation occurs when the patient stops taking the prescribed medication 

1 Taxonomy of Medication Adherence: Recent Developments
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for whatever reason. The discontinuation can be initiated by the patient or by the 
clinician.

Clinically, the most important measure of drug utilization in chronic diseases is 
certainly persistence which represents the time between initiation and the last dose 
before sustained discontinuation. It is a time to event variable, which can be mea-
sured and reported as a continuous variable in terms of number of days for which 
therapy is available and medication is taken, more or less consistently (Fig. 1.1). 
Sometimes, persistence is also reported as a dichotomous variable patients being 
“persistent” or “non-persistent” based on a predefined cutoff and duration of moni-
toring. In chronic diseases such as hypertension and dyslipidemia, a lack of persis-
tence is an important problem limiting the benefits of primary or secondary 
cardiovascular prevention [9]. According to these different parameters, several clin-
ical profiles of poor or non-adherence to drug therapy can possibly be observed in 
clinical practice.

1.4  Terminologies Associated with the Quantification 
of Adherence to Medications

One of the major difficulties in the Management of Adherence aiming at improving 
and supporting patients’ adherence to medications is to obtain a reliable quantifica-
tion of the adherence process over time. Indeed, as a general rule, no process can be 
improved if it cannot be measured adequately. The development of new approaches 
to measure and quantify more precisely drug adherence has actually been one of the 
main target of adherence-related sciences during the last decades. Although several 
approaches to assess adherence to medications are now available, as will be dis-
cussed in following chapters (see chapters 3, 4, 6 and 7), very few of them provide 

Persistence
(days, weeks, months, years)

Prescription
End of

prescription

Discontinuation
Yes/no

Initiation
Yes/no

(% doses taken)

Adherence

Time
Implementation

Fig. 1.1 The new taxonomy of adherence to medications according to the ABC European 
Consensus project

M. Burnier and B. Vrijens
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a dosing history that helps tackling the many day-to-day barriers that patients are 
encountering during their treatments.

When a dosing history is available, several quantification variables can be calcu-
lated and evaluated statistically. To this purpose, these parameters also need to be 
defined properly.

Among those one may cite the following:

 (a) The proportion of prescribed drug taken
 (b) The proportion of days with the correct number of doses taken (so-called  

“taking adherence”)
 (c) The proportion of doses taken on time (“timing adherence”) respecting the 

 dosing intervals
 (d) The number of drug holidays defined as intervals of time (days, weeks, …) 

when a patient temporarily stops taking the medication
 (e) The distribution and duration of intervals between two doses

These qualitative and quantitative assessments of adherence based on a dosing 
history provide the best information on patients’ behaviors which should be used in 
clinical practice to develop individual solutions to improve long-term adherence 
and persistence.

In the last 30 years, computerized administrative health databases have become 
more and more common. A variety of databases exists ranging from those contain-
ing only pharmacy data to data sets incorporating electronic medical records with 
comprehensive claims information including clinical data and diagnosis informa-
tion. Today, these datasets are increasingly used to assess drug prescription and 
utilization patterns as well as drug persistence in large groups of patients or in popu-
lations using for example case-control studies. They have now become a new source 
of medical evidence [10, 11]. Unfortunately, most of the time, these databases do 
not provide any dosing history but rather data on medication prescriptions and refills 
during a defined period enabling essentially an assessment of persistence. These 
approaches will be discussed in detail in following chapters (see chapters 5 and 13). 
One of the main advantages of recent health care databases or registries is that per-
sistence data can be coupled to the associated impact on patients’ health and health-
system use [12–14]. The main variable of the analyses performed on these registries 
is the calculation of the medication possession ratio (MPR) defined as the ratio of 
total days of medication supplied (not including the last prescription) to total days 
in a period of time. Thus, persistence can be quantified calculating the cumulative 
number of days in which the medication is available divided by the days of the over-
all follow-up, the ratio expressing the proportion of days covered (PDC) by the 
treatment [15]. The difference between PDC and MPR is that with PDC any over-
supply is truncated, whereas values of greater than 100% are allowed with the MPR 
(Fig. 1.2). Thereafter, persistence can eventually be categorized such as a very low 
(≤25%), a low (26–50%), an intermediate (51–75%), and a high (>75%) PDC 
value. In some cases, patients are considered as non-persistent if they have a gap of 
more than 30 or 60  days between end of dispensed supply and next dispensed 

1 Taxonomy of Medication Adherence: Recent Developments
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prescription. In many publications, an arbitrary threshold is defined to distinguish 
“adherent” from “non-adherent” patients. This threshold is often set at 80%. 
However, one has to acknowledge that this percentage is not supported by specific 
researches validating the appropriateness of this cutoff for given drug classes or 
diseases. In some clinical circumstances, lower or higher cutoffs may be more accu-
rate depending on the characteristics of the disease and the pharmacological profile 
of drugs.

In a recent publication [16], Raebel et al. have proposed some new terminologies 
and definitions of medication adherence and persistence in research employing 
electronic databases. Reviewing the literature, they suggested several definitions 
that are in line with previously published ones, replacing the term “initiation” by 
“primary adherence.” However, they also define a newer metric named New 
Prescription Medication Gap (NPMG) measure [17]. This measure is defined as the 
proportion of days within an interval bounded by the prescriber’s initial electronic 
health record prescription medication order date and the end of the observation 
period (or end of follow-up if censored or the therapy is switched or discontinued). 
Therefore, in contrast to the MPR, this metric starts with the date of prescription and 
includes the time until initiation. NPMG is a continuous measure, ranging from 
100% for patients who obtain no medication to 0% for those who consistently refill 
their medication in a timely fashion [17].

 Conclusions

In all domains of science, the availability of a precise terminology and clear defi-
nitions of major processes is absolutely necessary in order to avoid confusion 
and misunderstandings for example in scientific publications or comparative 
studies. This has been true for adherence-related sciences for many years as sev-
eral terminologies and definitions with different meanings were used to describe 
the same processes and behaviors within the adherence to medication 

1st
prescription

98 days covered 98 days covered No prescriptiongap

Treatment period: 365 days

Medication possession ratio (MPR):

number of days covered 2 x 98 = 196 days
observation time: 365 days

MPR = 196/365 = 53%

In this case, the MPR is equivalent to the percentage of days covered (see text)

2nd
prescription

Fig. 1.2 Illustration of the calculation of the medication possession ratio

M. Burnier and B. Vrijens
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framework. The work performed during the last years by the members of the 
ABC project team is of utmost value as it enables scientists and clinicians to use 
the same taxonomy but also the same metrics for quantitative assessments of 
parameters of adherence to medication. This more consistent taxonomy should 
as the authors concluded “aid in the conduct, analysis, and interpretation of sci-
entific studies of medication adherence” (http:// www.ABCproject.eu). Its adop-
tion could also help standardizing the medical literature and facilitate health 
politicians in their decisions regarding improvement of medication adherence.
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2Qualitative Assessments of Adherence

Michel Burnier and Grégoire Wuerzner

2.1  Introduction

When asked about the major issues in the management of chronic diseases such as 
hypertension, almost all healthcare providers will cite adherence or compliance to 
medications and recommendations. Indeed, a poor adherence to therapy has long 
been recognized as a significant health problem leading to high healthcare costs and 
poor patients’ outcomes in all fields of clinical medicine [1–3]. However, when 
asked about their approach to assess adherence in clinical practice, the same 
 professionals—physicians, nurses, and pharmacists—admit that they are very lim-
ited in their ability to diagnose accurately a problem of adherence not only because 
of a lack of time but mainly because they do not have the adequate tools and they do 
not feel confident in their own competences to identify non-adherence [4].

There are multiple reasons why physicians, nurses, or pharmacists may feel 
uncomfortable with the recognition of problems of adherence to medications. First, 
the process of adherence is extremely variable and may occur anytime during the 
medication-taking process. Indeed, adherence to therapy is a dynamic process and a 
patient may decide to withhold or interrupt his/her treatment for many good or bad 
reasons either very soon, at the initiation, because of beliefs or acute side effects, or 
after several weeks or months during the implementation, because of long-term side 
effects, forgetfulness, carelessness, or personal or socioeconomic contrarieties. Thus, 
healthcare professionals should be almost constantly in alert of a poor adherence 
issue that may interfere with the control of clinical parameters, for example blood 
pressure. The second reason is that physicians have only limited tools to perform a 
reliable diagnosis of poor adherence to medications in their office. Indeed, for many 
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years the majority of diagnostic tools have been developed in the context of clinical 
research but not for a daily use in a clinical setting. Thus many of them are either too 
time-consuming or complex or expensive to be conducted outside a study. At last, 
although several methods are available, accurate measurements are still few and 
there is no generally accepted “gold standard” to assess adherence [5, 6].

In practice, there are numerous reasons and ways to measure adherence. Among 
the different purposes, methods have been established essentially to monitor the 
medication-taking behavior but also to assess the beliefs and the barriers associated 
with adherence [7]. Questionnaires have also been developed to assess other aspects 
of the management of cardiovascular diseases such as adherence to lifestyle changes 
or dietary recommendations. Regarding the methods of measurement, qualitative 
and quantitative approaches can be used. Objective measures such as pill count, 
electronic monitoring, use of pharmacy records, direct observed therapy, and deter-
minations of drug concentrations will be discussed in the following chapters of this 
book. This chapter will focus on qualitative measures such as patient’s interviews, 
patients’ self-report, and scaled questionnaires.

2.2  What Are the Characteristics of a Valid and Useful 
Method to Assess Adherence to the Medication?

Whether it is objective or subjective, the ideal method to measure adherence to the 
medication in clinical practice should be cheap, easy to carry out (feasible by differ-
ent health professionals), user friendly, reliable with a good predictive value and 
before all validated in different clinical conditions. In addition, patients should not 
have the possibility to bias the answers according to their secret wishes. In 2015, 
Stirrat et al. have published a set of recommendations to improve the validity of 
self-reports measures of adherence [8]. They also provide some clues on how to 
develop valid self-reports of adherence. Table 2.1 shows one example of a set of 
recommendations to ameliorate self-reports in the future. Interestingly, they favor 
the use of computers rather than face-to-face data collection to reduce social desir-
ability concerns and improve data quality [8].

Table 2.1 Ten ways of improving the validity of self-report measures

1.  Do not reinvent the wheel; choose a self-report adherence measure with validation data for 
your target population whenever possible

2.  Define the adherence construct of interest (i.e., extent of adherence vs. reasons for 
non-adherence) and select a measure containing items matched to that need

3.  Administer adherence measures through computer surveys rather than face-to-face data 
collection to reduce social desirability concerns and improve data quality

4.  In research contexts, staff members who collect adherence data should be separate from 
staff members who deliver adherence support or adherence interventions

5.  Introduce the self-report adherence measure with a statement which normalizes non- 
adherence to help address social desirability concerns

M. Burnier and G. Wuerzner
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2.3  The Patient Interviews by Physicians or Third Parties 
and Patient’s Diaries

In general, the first step that physicians use when they are suspicious of non- 
adherence is to ask patients how they are managing their medications in their daily 
life and how often they are forgetting them. Indeed, patients should be the most 
reliable source of information provided they are willing to accept answering ques-
tions and admitting occasional phases of non-adherence. Interviewing the patient is 
definitively the easiest and cheapest approach to assess adherence in a clinical set-
ting. However, in reality, it appears that interviewing patients provides little relevant 
information as to whether they are adherent or not and studies have consistently 
shown that interviews overestimate patients’ adherence [5, 9]. Physicians tend to 
think that they obtain more pertinent information with the interview than any other 
approaches because they know their patients. Although it has been reported that 
patients with a good relationship with their physician have indeed a better adher-
ence to therapy [10], the fact that physicians are following their patients for many 
years and know their patients’ cultural beliefs and environment, is in no way a suf-
ficient guarantee that they will obtain valid information on adherence. Indeed, the 
quality of the information will also depend on the communication skills of physi-
cians and on their ability to create an encouraging and “blame-free” environment in 
which patients feel confident to honestly answer any questions related to their treat-
ment [11]. One drawback of interviews is that patients tend to underreport periods 
of non-adherence, either involuntarily or on purpose, in order to please healthcare 
providers and/or avoid time-consuming and embarrassing discussions. This is also 
true for patient-kept diaries which tend to overestimate drug intake by about 30% 
when compared to an electronic monitoring [12]. This problem may be more pro-
nounced in elderly patients with cognitive troubles [12]. Thus, as proposed by E.C 
Wright, physicians should not accept everything the patient is saying [13]. As an 
example, he cites the experience published by Davis TME et al. in which, using an 
anonymous multiple choice questionnaire, almost all of 100 patients with diabetes 
considered their fellow diabetics to be dishonest during outpatient consultations, 

 6.  Use a question response format that asks respondents to estimate their overall adherence 
behavior. Response items that characterize adherence in ordinal terms or quantitative 
continua (e.g., estimated percent of doses taken) may help reduce ceiling effects

 7.  Use a self-report adherence measure that specifies a recall period for adherence behavior. 
A recall period of the last 30 days may reduce ceiling effects relative to shorter intervals

 8.  Consider dichotomization of self-report adherence measures at the 100% mark to 
recognize their tendency for over-reporting relative to other adherence measures

 9.  Add a social desirability measure to complement analysis of self-report adherence data
10.  Research publications should include clear descriptions of any self-report adherence 

measure, its administration method, and descriptive data resulting from the measure to 
help further the science

Adapted from reference [8]

Table 2.1 (continued)
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and only 25% thought that the doctors believed everything they were told [14]. In 
the end, only patients who openly admit that they did not take their medications, can 
be trusted.

As mentioned by Wright EC: “It is better to avoid the problem of poor compli-
ance than to face its consequences” [13]. Avoiding open discussions on lack of 
adherence is probably what most physicians do. One important issue is certainly 
their low ability to obtain reliable information on adherence to medication due to an 
absence of specific training on the way to ask direct questions in a nonjudgmental 
way [11]. Table 2.2 shows examples of questions that can be asked by physicians in 
order to encourage patients to give useful answers [11]. In a large study conducted in 
three Eastern European countries (Austria, Hungary, and Slovakia), interviews were 
performed by trained nurses and physicians using a very simple set of questions in 
more than 2800 subjects of whom 841 were hypertensive [15]. The results of this 
survey were that adherence to therapy based on simple questions about antihyperten-
sive therapy and the frequency of missed doses correlated well with blood pressure 
control suggesting that in some conditions structured interviews might be useful.

Taken together, although it is generally agreed that patients’ interviews are of 
limited reliability, reason why this method is never used in medical research, there is 
a clear potential for improvement. To this purpose specific training in how to inter-
view a patient on adherence should be part of the curriculum of young physicians.

2.4  Use of Questionnaires in Hypertension

Questionnaires addressing various issues associated with adherence to the medica-
tion belong to qualitative and subjective assessments of adherence. They were ini-
tially developed to improve and to structure self-reports provided by the patients 
and the patients’ interviews. In general, these questionnaires are filled in by the 
patients’ themselves or with the help of healthcare professionals. In order to be 
clinically useful, they should be short, easy to administer, reliable, valid, reproduc-
ible, and internally coherent [16]. Most of them are used in clinical research and 
some others in clinical practice.

Table 2.2 Example of questions, physicians can ask to assess a patient’s adherence to 
medications

1.  I know it must be difficult to take all your medications regularly. How often do you miss 
taking them?

2. Of the medications prescribed to you, which ones are you taking?
3. Of the medications you listed, which ones are you taking every day?
4. Of the medications you listed, which ones did you forget this week?
5. Have you had to stop any of your medication for any reason recently?
6. How often do you not take medication X?
7. When was the last time you took medication X?
8. Have you noticed any adverse effects from your medications?

Adapted from reference [11]
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In a large systematic review of questionnaires and self-report adherence scales, 
Nguyen et al. identified 43 English written scales [7] but many others exist in differ-
ent languages. These scales were categorized into five groups based on the nature of 
information gathered: the first group was seeking information on medication-taking 
behavior only, the second on medication-taking and barriers to adherence, the third 
on barriers to adherence only, the fourth was seeking information on beliefs, and the 
fifth group included questionnaires seeking information on barriers and beliefs. The 
majority of questionnaires (30/43) were focusing on medication-taking behavior 
assessing the number of doses taken or missed. One frequent limitation of these 
questionnaires was the absence of a precise definition of the time frame for the 
questions, this latter ranging from 1 day to 12 months.

It is behind the scope of this chapter to review all the self-report scales and ques-
tionnaires presented in Nguyen’s review. However, we shall focus on the main ques-
tionnaires used essentially in the field of hypertension and cardiovascular diseases. 
In group 1 and 2 seeking specifically information on medication-taking behavior 
and barriers, following questionnaires can be considered: the Morisky–Green–
Levine [17], the Adherence Self-Report Questionnaire [18], the Stages of Change 
for Adherence Measure [19], the Brief Medication Questionnaire [20], the Hill–
Bone Compliance to High Blood Pressure Scale [21], and the Morisky Medication 
Adherence Scale (4 or 8 questions) [22]. These questionnaires in hypertension have 
been reviewed for their validity and reliability by B.  Perez-Escamilla [16] and 
details on these questionnaires can be found in the review by Culig et al. [23].

The most well-known and probably used questionnaire is undoubtedly the 
Medication Adherence Questionnaire developed by Morisky et al. [17, 22]. In 1986 
already, the four items questionnaire was evaluated in hypertensive patients. In this 
first assessment, the scale demonstrated both concurrent and predictive validity with 
regard to blood pressure control at 2 years and 5 years, respectively [17]. It is short 
(4 or 8 items) and enables to identify the medication-taking behavior, forgetfulness, 
and some barriers to non-adherence but not the patient’s self-efficacy (Table 2.3). 
The internal consistency ranges between 0.56 and 0.83 (mean Cronbach α: 0.61) 
depending on the studies. The sensitivity ranged between 0.73 and 0.93 and the 
specificity between 0.36 and 0.53 [7]. It was compared to clinical outcome and to 

Table 2.3 The Morisky 8 items questionnaire

1. Do you sometimes forget to take your high blood pressure pills?
2.  Over the past 2 weeks, were there any days when you did not take your high blood pressure 

medicine?
3.  Have you ever cut back or stopped taking your medication without telling your doctor 

because you felt worse when you took it?
4. When you travel or leave home, do you sometimes forget to bring along your medications?
5. Did you take your blood pressure medicine yesterday?
6.  When you feel like your blood pressure is under control, do you sometimes stop taking 

your medicine?
7.  Taking medication everyday is a real inconvenience for some people. Do you ever feel 

hassled about sticking to your blood pressure treatment plan?
8. How often do you have difficulty remembering to take all your blood pressure medication?

From reference [22]
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pharmacy records. When compared to the medication events monitoring system 
(MEMS) which provides a complete dosing history, it appears that the Morisky 
questionnaire, like many other self-report scales, overestimates adherence to medi-
cation with a correlation of 0.26 between MEMS and self-report questionnaires in 
hypertensive patients [24]. Yet, some better correlations have been reported in other 
contexts [25]. Today the Morisky questionnaire has been translated and validated in 
many languages around the world.

The Hill–Bone Compliance to High Blood Pressure Scale has been specifically 
developed with a focus on hypertensive patients followed in general practice in 
South Africa [26]. It assesses the medication-taking behavior but also the adherence 
to dietary salt intake and to appointments. In this respect, this questionnaire cannot 
be used for other clinical conditions. As shown in Table 2.4, it consists of 14 items 
but was used sometimes with only 10 items. In a first study in 98 hypertensive 
patients, appointment-making and dietary salt-intake subscales were not internally 
consistent but regarding blood pressure control, a significant predictive validity was 
found in that noncompliance predicted higher diastolic blood pressures (p = 0.21, 
P < 0.05) and medication noncompliance tended to predict higher systolic blood 
pressures (p = 0.20, P < 0.06). In African and African-American it was found to 
have internal consistency with a Cronbach α of 0.74–0.84. It was compared to the 
Morisky questionnaire in a larger study including 353 hypertensive patients [27]. In 
this study, the ability to identify medication adherence was inconsistent for nearly 

Table 2.4 The Hill–Bone 
questionnaire

 1. How often do you forget to take your HBP medicine?
 2.  How often do you decide not to take your HBP 

medicine?
 3. How often do you eat salty food?
 4.  How often do you shake salt, fondor, aromat on your 

food before you eat it?
 5. How often do you eat fast food?
 6.  How often do you get the next appointment before you 

leave the clinic?
 7. How often do you miss scheduled appointments?
 8.  How often do you leave the dispensary without 

obtaining your prescribed pills?
 9. How often do you run out HBP pills?
10.  How often do you skip your HBP medicine 1–3 days 

before you go to the clinic?
11.  How often do you miss taking your HBP pills when 

you feel better?
12.  How often do you miss taking your HBP pills when 

you feel sick?
13. How often do you take someone else’s HBP pills?
14.  How often do you miss taking your HBP pills when 

you care less?

HBP high blood pressure
Answers range between: (1) none of the time, (2) some of the 
time, (3) most of the time, (4) all the time; NA not applicable, 
DK don’t know
From reference [21]
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every third patient with both questionnaires. Therefore they did not recommend 
either questionnaire for clinical use. An adapted Turkish version was found to be 
more reliable [28].

The Brief Medication Questionnaire (BMQ) focuses essentially on the drug regi-
men and to some extent on barriers to adherence [20]. The BMQ asks patients to 
reconstruct their medication regimens over the preceding week, including the names 
of the medications, dosages, indications, and self-report of missed doses. It was 
found to have a sensitivity of 80% and specificity of 1.0. It was developed based on 
a literature review and patient feedback. It was compared to the MEMS system in a 
small group of 20 patients and a good correlation was found.

The Adherence Self-Report questionnaire (ASRQ) is based on six descriptions 
corresponding to six levels of adherence. It was tested in 245 patients with uncon-
trolled hypertension taking part in a randomized study. The data provided by the 
questionnaire were compared to the MEMS data over a period of 30 days in 66 
patients [18]. In this study, a decrease of one adherence level was associated with a 
decrease in timing compliance. Using the cutoff of those who reported ASRQ levels 
1 and 2 (all tablets taken but not always at the same time of day), a high percentage 
of those with comparatively high adherence according to MEMS were correctly 
identified (specificity, 90–93%; negative predictive value, 66–96%). However, sen-
sitivity (detection of true non-adherent patients) and positive predictive values were 
poor to moderate (14–42% and 22–66%, respectively) [29]. The correlation between 
the MEMS and the ASRQ was 0.29 [25]. Some other adherence scales were devel-
oped in recent years in different countries. Thus, Culig et  al. designed a self- 
administered questionnaire listing 16 common reasons for non-adherence [23]. The 
internal consistency reliability of this questionnaire was found to be a α value of 
0.89. It was tested in pharmacies in 635 patients with chronic diseases including 361 
patients with hypertension.

 Conclusions

Tracking down non-adherence in clinical practice is a very difficult task for 
healthcare professionals. The performance of the numerous self-report question-
naires or scales is rather limited and this is not really surprising if one considers 
the high variability and dynamic of adherence to medication in patients with 
chronic diseases. In most circumstances, questionnaires can be considered as 
complements to more objective measures mainly because these latter ones are 
either expensive or not convenient to be repeated so frequently. Nonetheless, 
when compared to drug measurements in plasma or urine or electronic measure-
ments of adherence, questionnaires may provide additional information, for 
example on the reasons why patients do not adhere to their prescribed therapy or 
on the barriers to which patients are confronted during their medication-taking 
process. Self-report questionnaires may also inform physicians on the patients’ 
beliefs. If healthcare providers take sufficient time to listen to these important 
aspects of adherence to medications, qualitative assessments of adherence will 
remain useful complementary tools to tackle poor adherence not only in clinical 
studies but also in clinical practice.

2 Qualitative Assessments of Adherence
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3Electronic Monitoring of Medication 
Adherence: From Dose-Counting 
to Dose-Clocking

Bernard Vrijens and Eric Tousset

3.1  History of MEMS Monitoring and Bibliometry

The first electronic monitor for medication adherence, known as the Medication 
Event Monitoring System (MEMS®), was initially tested in 1977. The MEMS prin-
ciple consists in the incorporation of a microcircuitry into pharmaceutical packages 
of various designs such that the manoeuvers needed to remove a dose of drug were 
detected in real time, time stamped, analyzed, stored, and communicated. MEMS 
was originally designed as an electronic cap to capture the opening and closing of a 
standard pharmaceutical bottle (see Fig. 3.1). The principle can easily be extended 
to blister packaging, injectable, inhaler, or other types of drug deliveries.

To date, over 750 papers, published in peer-reviewed journals, report diverse 
uses of MEMS® involving more than one million trial subjects. Those papers have 
been cited over 65,000 times, and, collectively, have a h-index of 132, which, among 
other things, means that a paper describing clinical research findings with MEMS 
monitoring has a 1 in about 5 chance to end up with >132 citations. The most cited 
MEMS paper is by Paterson et al. [1], with more than 3300 citations. This seminal 
paper brought to light a major surprise with the finding that life-threatening diseases 
do not, ipso facto, enforce strict implementation of prescribed regimen(s). This fact 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-76593-8_3&domain=pdf
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became evident not only in the fields of HIV-AIDS, but also in organ transplantation 
[2], and more recently in cancer chemotherapy [3].

In ambulatory care, across most therapeutic areas, electronic monitoring of 
patients’ dosing histories has repeatedly revealed that the drug intake of patients is 
frequently irregular, spanning a wide spectrum of deviations from the prescribed 
regimen. It is strongly skewed toward under-dosing, created by delayed and omitted 
doses, sometimes resulting in multiple, sequential omissions of prescribed doses. 
The consequences of nonadherence include (a) failed treatment; (b) inappropriate 
dose escalation; (c) emergence of drug-resistance to infectious microorganisms 
such as tuberculosis and human immunodeficiency virus (HIV); (d) hazardous 
rebound or recurrent first-dose effects; and (e) misdiagnosis, when drug response is 
a diagnostic criterion. Partial adherence or nonadherence can also be a confounding 
factor in the interpretation of clinical trial results, with consequences that include 
underestimated efficacy of new drugs, to the point of trial failure; underestimated 
incidence of adverse effects; distorted pharmaco-economic analyses; and/or overes-
timated dosing requirements for marketed pharmaceuticals [4].

3.2  Indirect Versus Direct Measure

Electronic detection of package entry is an indirect measure of dose intake and there 
could be instances where the package is activated but a dose is not taken. Studies [5] 
comparing MEMS cap data with drug concentrations show that there is 97% accu-
racy between opening the pharmaceutical package and time of ingestion of the pre-
scribed dose. This evidence advocates that MEMS packaging provides a very 
accurate measure of adherence and, even more importantly, insightful information 

Fig. 3.1 Evolution of the MEMS® Cap from version 1 in 1977 to version 8 in 2017

B. Vrijens and E. Tousset
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Fig. 3.2 Dosing chronology plots of four patients. Calendar date (dd/mm/yy) is shown on the 
horizontal axis, and 24-h clock time is shown on the vertical axis. Each blue dot indicates the 
electronically recorded time and date of dosing. The vertical tan lines depict missed doses. 
Extended periods without dosing (drug holidays) are shown by vertical tan bars, the width of 
which reflects the number of days without dosing. Patient A takes the medication around 6:00 am 
with 2–3 h delays in drug intake on weekends. Patient B takes timely the medication at noon but 
misses many single and consecutive doses. Patient C takes the medication in the morning between 
6:00 am and 11:30 am; there are several single missed doses followed by full treatment discontinu-
ation. Patient D takes the medication in the afternoon, around 3:00 pm; there is a trend in missing 
more doses as time pass on

of each individual’s drug-taking behaviors. The value of MEMS information to 
 distinguish between the different adherence behaviors is illustrated in Fig.  3.2. 
Those dosing chronology plots spot different intake patterns and highlight the 
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Fig. 3.2 (continued)

shortcoming to summarize medication adherence as a percentage of prescribed drug 
taken, or worse to dichotomize as adherent versus non-adherent.

The recent hype about ingestible smart sensors, which integrate a microcircuit 
into an ingestible drug that is then activated by gastric acid, constitutes thus an inva-
sive, cumbersome, and probably expensive way to solve a non-problem in the mea-
surement and management of patient nonadherence. Beside the unresolved 
long-term safety, there is a high requirement of patient involvement as the patients 
are required to wear continuously a skin patch which contains an antenna to capture 
the weak signal that arises from the ingested microchip. This type of approach 
requires furthermore the need for reformulation, repackaging, new stability studies, 
and revised labeling claims.
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3.3  From Reliable Measure to Effective Interventions

MEMS was originally developed and commercialized to bring an objective, 
 continuous, non-intrusive, affordable, and rich sampled measure of medication 
adherence. The large amount of dosing history data collected using the MEMS pro-
vided strong evidence to distinguish the three key elements of medication adherence 
which led to the ABC taxonomy [6]: (A) initiation of therapy, (B) implementation 
of the dosing regimen, and (C) persistence with treatment. Those three elements are 
typically hidden in the mist and sparseness of pre-electronic measures.

There is now compelling evidence that the combination of the ABC taxonomy, 
with appropriate measures, and sound analysis allows one to understand and quan-
tify the problem of adherence in each individual patient. This information can, in 
turn, be used as feedback for a focused discussion between a healthcare provider 
and the patient. This approach has been proven to be the most effective to enhance 
medication adherence [7] and optimize therapy [8].

Smart packages enabling electronic monitoring of medication adherence have 
been around for some time. When looking at a summary of the available literature 
[9], it is evident that MEMS is, de facto, a gold standard to measure adherence, and 
that MEMS feedback does improve medication adherence when integrated into care 
systems. Now, the remaining challenge is how to implement these findings in large- 
scale clinical practice. There is a need to simplify and accelerate the development of 
new solutions by bringing together the technical components, like smart packages, 
connectivity, hosting, and analytics. Integrated and secured platforms will make 
smarter approaches to adherence a reality.

3.4  “Real-Time”: What Does It Mean?

What flashes is not necessarily gold! One should be careful about buzz words like 
“real-time” without considering the ins and outs of new gimmicks, which are often 
not scientifically validated. In 1977, the main innovation of electronic monitoring 
using MEMS is to bring real-time stamping of the dosing events. Since then, the 
concept of “real-time” has evolved and it is useful to distinguish the following 
features:

• Real-time capture of the dosing events.
• The fundamental principle of electronic monitoring is real-time stamping of the 

dosing event. The ability to capture the dosing event in real time constitutes the 
fundamental benefit of electronic monitoring over pre-electronic methods, like 
pill counting, which can be easily falsified to create the impression of good look-
ing adherence behavior.

• Real-time transmission of the dosing events.
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• As of today, the transmission of the dosing history data, stored in the smart pack-
age, happens at point of care using secured and reliable communication. There 
are some initiatives to transmit the data in real time using patients’ smartphone 
or sim cards directly embedded in the package. Their limited battery life, uncer-
tain connectivity, and their “best effort” paradigm make them currently incom-
patible with the requirement of smart patient management and general 
individualization of care which is “mission critical.” No doubt that the evolution 
of the technology, for example, Internet of Tings (IoT) will facilitate real-time 
transmission in the future.

• Real-time feedback of dose intake/omission.
• With modern technology, it becomes feasible to feedback the patients in real 

time about a dose that is taken or to remind a dose that has been omitted. While 
this feature may look attractive, it has not proven to be effective [10]. The first 
issue is that this approach assumes that the patient has forgotten to take the medi-
cation while, in reality, there are more than 700 factors reported to be associated 
with medication nonadherence [11]. Furthermore, such a system is intrusive for 
most patients, may induce stigma, and can lead to treatment discontinuation.

There is no doubt that a broader adoption of smart packages will require friction-
less connectivity and integration into managed care platforms. Today, there are 
however technical, legal, and ethical constraints that need to be considered.

 Conclusion

Solutions based on smart and connected packaging, which can provide an accu-
rate measure of whether patients are following their treatment regimens, could be 
the answer to inefficient drug therapies. But they’ve been held back by the prac-
ticalities of storing, analyzing, and exchanging data from thousands of remote 
devices. That’s all changing thanks to more connected and integrated platforms. 
They are helping to simplify and accelerate the development of new solutions by 
bringing together the technical components, like devices, connectivity, hosting, 
and analytics. This will make smarter approaches to adherence a reality.

Once you have better information on adherence, you can start to have an 
immediate impact on patients’ behavior simply by sharing it with them, their 
relatives, and healthcare providers. Data can be collected, analyzed, and then 
shared with patients via apps on their smartphones—all, potentially, in near-real 
time. Sharing data with patients which shows them that they’re not following 
their treatments can provide a stronger impetus for them to improve.

As more data on adherence is collected, it may be possible to send patients 
increasingly personalized and compelling messages. Instead of just saying “you 
took eight out of ten tablets today,” clinicians may be able to say, “you reduced 
your chances of getting better by 20%.” This reinforces educational material and 
reminders, and enables clinicians to start putting more onus on patients and their 
families to own their treatments.
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The ultimate objective of smart packages is to bring reliable and rich data on 
medication adherence which will be transformed into a vital sign to which 
healthcare professionals and patients routinely attend.
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Measurements of Antihypertensive 
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4.1  Background

Biochemical screening for non-adherence provides an objective and direct approach 
to detection of medications in blood or urine. The biochemical analysis is based on 
high performance liquid chromatography-tandem mass spectrometry (LC-MS/MS). 
Chromatography was first developed in 1903 by celebrated Russian botanist Mikhail 
S. Tswett to separate plant pigments [1]. Liquid chromatography is an evolution 
of  this technique and is based on the principle of partition chromatography. 
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The technique “partitions” (or separates) analytes based on differences in solubility 
in two phases, namely the mobile and stationary phases [2]. The technique was 
invented by J P Martin and R LM Synge for which they were awarded the Nobel 
prize in Chemistry in 1952.

Mass spectrometry was first described in 1897 by Sir Joseph J Thomson [3]. A 
mass spectrometer principally consists of walls made of two pairs of strong magnets 
(called a quadrupole). Ions travel at variable speed based on their mass (m) to charge 
(z) ratio and thus are filtered while passing through it. Mass spectrometry was used 
in research laboratories in the 1960s and 1970s. It expanded dramatically since the 
ability to volatilise large molecules by electrospray ionisation was achieved (Nobel 
prize in Chemistry awarded to John Fenn 2002) [4]). The mass spectrometer in the 
past was interfaced with gas chromatography which required more processing of 
samples and hence was difficult and time-consuming. Liquid chromatography is a 
lot simpler and therefore once liquid chromatography was interfaced with the mass 
spectrometer the use of LC-MS/MS increased exponentially over the last two 
decades.

LC-MS/MS is now the workhorse and a gold standard technique for a wide range 
of specialised clinical tests use such as measurement of vitamin D in blood, quanti-
fication of steroids such as cortisol or 17-hydroxy progesterone in blood and urine 
and in proteomics/metabolomics research [5]. Due to its high specificity and sensi-
tivity, LC-MS/MS has been used to detect drugs in forensic laboratories [6] and to 
detect doping in competitive sports [7].

4.2  Principle of LC-MS/MS

The key components of an LC-MS/MS are outlined schematically in Fig. 4.1.

4.2.1  Sample Derivatisation

A blood or urine specimen contains a complex mixture of substances including 
proteins, lipids, carbohydrates, cells and numerous small molecules. The sample 
therefore requires purification by derivatisation. An aqueous aliquot of this deriva-
tised sample is then injected into a high performance liquid chromatograph.

4.2.2  High Performance Liquid Chromatography (HPLC)

HPLC separates the analytes of interest in a specimen by passing it through a fine 
bore column under high pressure. Hence separation of analytes by HPLC is a much 
faster process than by normal pressure chromatography. The HPLC column is packed 
with tiny silica particles that form the stationary phase. Commonly these silica par-
ticles are coated with compounds having alkyl side chains to increase their affinity 

P. Gupta et al.



31

for hydrophobic compounds. Thus, analytes of interest (which are usually hydropho-
bic) bind to the stationary phase and are hence separated from the aqueous phase.

The type of column and the alkyl side chain are chosen to provide an optimum 
internal porosity and retention of the analytes of interest from the mixture of 
 substances present within a specimen. Samples are introduced at one end of the 
column, the analyte of interest is retained and the rest of the sample is discarded 
from the column as effluent. The retained analytes are then released or eluted from 
the column by using specialised solutions and buffers [8].

4.2.3  Mass Spectrometry (Fig. 4.2)

The analytes need to be introduced in the mass spectrometer in a volatised and ion-
ised form so that they can be suitably detected. The two common volatilisation 
techniques are Atmospheric Pressure Ionisation (API) or ElectroSpray Ionisation 
(ESI). The separated sample is introduced through a nebuliser under conditions of 
dry heat or reduced pressure into a narrow inlet which causes them to form small 
ionised droplets. Once ionised, the sample is fed into the mass spectrometer.

A tandem mass spectrometer (MS/MS) consists of two sequential sets of mass 
spectrometer that are aligned in tandem and hence the term tandem mass 

Column

Processor and data 
display

Pump
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collector
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spectrometer

Fig. 4.1 Schematic visualisation of the key components of a high performance liquid 
chromatography- tandem mass spectrometry (LC-MS/MS) instrument
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spectrometer. The first mass spectrometer filters ions (called as parent ions) which 
are introduced in a collision cell forming daughter ions which are again filtered 
through the second mass spectrometer.

The filtered ions can now be finally detected and then identified. The identifica-
tion is based on the fragmentation pattern of an analyte. This can be predicted from 
their structure and previous experience of a laboratory. Thus, most users of LC-MS/
MS have a library of analytes with their expected unique identifier ions that is used 
to identify the analyte of interest. In our laboratory, at least two unique m/z ions are 
used to identify a drug and/or its metabolite [8].

In summary, the entire process of LC-MS/MS consists of purification of an 
 analyte and separation by HPLC. The sample is then vaporised and ionised. The 
ions are fed into the first MS and are filtered by their m/z ratio. These parent ions 
then are further fragmented in the second collision cell into daughter ions which are 
again filtered in the second MS based on their m/z ratio. The filtered parent and 
daughter ions can be identified by their unique mass to charge (m/z ratios).

4.3  The Biochemical Principles of Assessment of Non- 
adherence to Antihypertensive Treatment

We and others have developed an LC-MS/MS method to detect the most common 
antihypertensive medications in blood and urine to diagnose non-adherence to 
blood pressure lowering therapy [9–16]. Most of the modern LC-MS/MS methods 
can detect presence or absence of antihypertensives reliably with high specificity 
and extraordinary sensitivity (usually in the nanogram range and typically <10 ng/L) 
[15]. In our centre, the LC-MS/MS-based system can screen for 40 of the most 
 commonly prescribed antihypertensive medications in a single urine sample [9]. 
The absence of medications in a sample implies that it has not taken for the time 
equivalent to at least 4–6 half-lives of the medication. The time of retention of 
 medications in bodily fluids is determined by its pharmacokinetic and pharmacody-
namics profile along with a patient’s individual metabolic characteristics [17] 
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Fig. 4.2 Scheme of the components of a tandem mass spectrometer (MS/MS)
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(Table 4.1). It has to be appreciated that the biochemical test provides a snapshot of 
non- adherence and as yet there is no data on how well it reflects long-term persis-
tence with antihypertensive treatment [18] or long-term health outcomes. LC-MS/
MS-based analysis is also not immune to changes in patients’ behaviour activated 
by clinical appointments (toothbrush effect or white coat adherence) [19].

4.4  Laboratory Processing of Samples

Biochemical screening for non-adherence can be conducted using a urine or blood 
sample. Our preference is using a urine sample due to the non-invasive nature of the 
collection. The volume of urine or blood required is only around 1 mL. The samples 
are stable for 3–4 days at room temperature and hence can be transported by ordi-
nary post to remote laboratories where LC-MS/MS is available. Our hospital now 
receives samples from around 25 UK and a few overseas centres. Upon receipt, the 
samples are stored at −20 °C until analysis, which is undertaken in batches of 20–30 
samples two-three times a week.

The analytical process is labour and skill intensive. One batch of samples requires 
2 hr of a mid-level laboratory technician’s time. The run time for each sample on the 
LC-MS/MS is approximately 30 min. Each run is repeated and performed in two 
detection modes. Our screening panel has gradually expanded and we can now 
detect not only almost all known antihypertensives but 20 other medications 

Table 4.1 Examples of antihypertensive 
medications and their 4–6 half-lives

Medication 4–6 Half-lives (hr)
ACE/ARB
Ramipril 36–108
Lisinopril 48–72
Enalapril 44–152
CCB
Amlodipine 140–420
Felodipine 44–96
Diltiazem 8–36
Verapamil 20–78
Diuretics
Indapamide 60–90
Spironolactone 52–108
Furosemide 4–18
Beta blockers
Bisoprolol 40–72
Atenolol 12–84
Labetalol 12–36
Others
Clonidine 40–150
Doxazosin 64–132
Prazosin 12–18

ACE/ARBs angiotensin converting enzyme inhibitors/
angiotensin receptor blockers, CCB calcium channel 
blockers; data from [17]
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including commonly prescribed hypoglycaemics, statins, anti-arrhythmics and 
newer oral anticoagulants. The outputs from LC-MS/MS are read by a senior labo-
ratory scientist against an in-house library and then interpreted and signed off by a 
medical consultant. The ultimate report provides qualitative information of whether 
the  prescribed medication was detected or not in a sample.

The instrument is expensive (around £200,000–250,000). This makes biochemi-
cal testing for non-adherence unlikely to be available across the world. The lack of 
widespread use of direct and objective methods to detect non-adherence may be a 
reason for the persistent clinical challenges to tackle deviations from prescribed 
antihypertensive medications [20]. Centres with required expertise and availability 
of LC-MS/MS instruments should increasingly act as hubs to provide access to the 
biochemical screening for non-adherence to antihypertensive treatment. Indeed, in 
Leicester we have set up the first National Centre for Adherence Testing (NCAT) in 
the UK [21] and so far have analysed over 4000 urine samples.

4.5  Detecting Non-adherence to Antihypertensive 
Treatment

Biochemical analysis of bodily fluids is one of few direct objective methods to con-
firm non-adherence to treatment. Subjective methods such as physician’s percep-
tions have poor diagnostic accuracy of around 60% as compared to an objective 
method [22]. Patient self-reported questionnaires tend to over-report adherence by 
up to 20% [23] and show poor correlation with cardiovascular outcomes [24]. 
Pharmacy database records are an objective indirect method to assess non- adherence 
but suffer from inaccuracies (i.e. outdated medication history) and suboptimal com-
pleteness of records [25].

Electronic monitoring devices (EMDs) provide an indirect objective method 
to assess non-adherence and are available in a variety of forms from simple alarm 
devices to highly sophisticated systems that register and record each time a medi-
cation dispensing device is opened. They can provide a rich amount of data 
including exact time of a missed dose [26]. The limitations of EMDs are that 
each device can monitor only a single medication, they are expensive and are 
bulky to carry. Crucially, opening of a medication dispenser is not the same as 
ingestion of a pill.

Directly observed therapy (DOT) is based on patient’s ingestion of antihyper-
tensive medications under a supervision of clinical staff. It is logistically involved, 
expensive and requires the patient to attend the hospital for at least half-day plus 
a dedicated supervision of senior clinical staff. It can also lead to serious clinical 
complications. One study reported that 25% of seemingly adherent hypertensive 
patients developed significant hypotension as a result of attending DOT 
 appointment [27].
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4.6  Prevalence and Risk Factors of Non-adherence 
to Antihypertensive Medications: Insights 
from Biochemical Analysis of Bodily Fluids  
by HPLC-MS/MS

Non-adherence to antihypertensive medications has been previously estimated at 
24–86% mainly by using pharmacy databases [28]. One of the highest rates is 
reported in patients who underwent renal denervation—nearly 80% had some 
degree of non-adherence to antihypertensive therapy when biochemical testing was 
performed [29]. We have recently demonstrated in a large study of approximately 
1400 patients from two European countries that the prevalence of non-adherence 
was between 31.5 and 41.6% [30]. Up to 14.5–24.1% patients were completely non- 
adherent with their prescribed antihypertensive treatment [30]. Biochemical non- 
adherence to antihypertensive treatment is inversely related to age with the risk 
decreasing by nearly 35% with each decade of life [30]. Non-adherence to BP low-
ering therapy is also higher in women than in men [30]. The most striking risk factor 
for non-adherence is the number of prescribed antihypertensive medications—each 
increase in this number increases the risk of non-adherence by around 80% [30]. 
Furthermore, non-adherence to antihypertensive treatment is associated with the use 
of diuretics [30].

4.7  Our Clinical Experience

We have routinely been performing biochemical screening for non-adherence in the 
University Hospitals of Leicester Blood Pressure Clinic since 2011. The process is 
summarised in Fig. 4.3. In cases where non-adherence is suspected, we request the 
patient to provide a spot urine sample on the day of their clinic appointment after 
explaining to them the reasons for doing so. The results of the LC-MS/MS-based 
urine analysis are discussed with them at their subsequent visits.

The insights provided by the information from the biochemical screening for 
non-adherence are clinically useful both for doctors and patients. The doctors are 
provided with much needed confidence to discuss the most appropriate manage-
ment strategy on non-adherence to antihypertensive treatment based on the objec-
tive non- detection of prescribed BP lowering medications. This is particularly 
important given the evidence that a doctor’s training in communication has a signifi-
cant impact on patient’s attitude to adherence [31].

Indeed, the results of the test set the scene for an exploration of barriers to adher-
ence, some of which may be embedded in patient’s self-beliefs about the necessity 
of taking medications and illnesses [32]. Due to the largely asymptomatic nature of 
hypertension, patients do not always feel that they require taking BP lowering medi-
cations on a regular basis. The non-detection of antihypertensive medications in 
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urine helps making its linkage to high blood pressure clear to patients over discus-
sion of the results. This discussion shapes the tailored therapy that addresses the key 
underlying reasons for non-adherence to antihypertensive treatment. Such a person-
alised approach is the most effective method of improving non-adherence [33]. One 
of the key reasons for non-adherence to antihypertensive treatment is complex dos-
ing regimes and polypharmacy [30, 34, 35]. Removing unnecessary medications, 
fixed dose combinations, dosette boxes, involving relatives in reminding the patients 
to adhere to treatment can be very effective in tackling biochemically confirmed 
non- adherence to BP lowering therapy. We have also started involving a psycholo-
gist to help exploring the complex nature for reasons of intentional non-adherence 
and have found this approach very useful.

Reassuringly, the patients’ acceptance of the biochemical screening for non- 
adherence to treatment is overwhelmingly very positive. In our experience, it has 
not led to an erosion of trust or adversely affected the doctor–patient relationship.

Sample 
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The process of 
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screening for non-
adherence

LC-MS/MS system

Spot urine sample sent 
to lab

Clinic visit 
hypertension 
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Analysed data

Results
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Fig. 4.3 The process of screening for biochemical non-adherence to antihypertensive treatment
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We find that biochemical screening for non-adherence is particularly helpful in 
patients with suspected resistant hypertension and prior to invasive therapeutic pro-
cedures such as renal denervation [29, 36]. We proposed that biochemical analysis 
of urine by LC-MS/MS should be introduced early for uncontrolled hypertension, 
prior to undertaking expensive, unnecessary tests or treatment escalation [36].

4.8  Other Benefits of Biochemical Testing  
for Non- adherence to Antihypertensive Treatment

Besides the diagnostic role of LC-MS/MS-based analysis, there is evidence that the 
repeated screening for non-adherence to antihypertensive treatment helps improv-
ing patients’ blood pressure control. A small study demonstrated that systolic and 
diastolic blood pressure on follow-up dropped by around 46 mmHg and 20 mmHg 
(respectively) in initially non-adherent hypertensive patients [13]. In our clinic, we 
have noted similar improvements in blood pressure [37]. The test is repeated on 
subsequent visits and in our experience by the third visit a majority of non- adherent 
patients become adherent. The test precludes the need to investigate a non- adherent 
patient unnecessarily or add medications with cost implications to the health econ-
omy. A cost–benefit analysis has demonstrated that the test is cost- effective in 
detection of non-adherence in cases of resistant hypertension [38].

4.9  The Future

Biochemical adherence testing is likely to become embedded in the routine man-
agement of patients with difficult to treat hypertension in the near future. It is tempt-
ing to foresee the future with the biochemical screening for non-adherence available 
as a point of care instrument in doctors’ consultation room but the technology for 
this is not currently available. The more likely scenario is that non-biochemical test-
ing for adherence will become available more widely in a few specialised laborato-
ries providing the service for a country or a region. There is no reason why the 
screening cannot be used in other chronic cardiovascular diseases such as coronary 
artery disease or heart failure. Further research in the field will, in our view, provide 
the evidence of the clinical and economic benefits across an array of cardiovascular 
conditions.

 Conclusion

Biochemical screening for non-adherence is a rapidly expanding technique to 
diagnose non-adherence in the field of hypertension. It is reliable, has been dem-
onstrated to have good diagnostic ability and can be used in busy routine clinical 
practice. It is especially of use in detecting non-adherence in suspected cases of 
resistant hypertension when there is a suboptimal response to treatment and prior 
to any surgical or complex investigations for patients with uncontrolled hyper-
tension. It also helps in treating patients and appears to have therapeutic potential 
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in control of blood pressure. The test is well accepted by patients and provides 
confidence to health professionals about a patient’s non-adherence status, thus 
allowing for an objective non-accusatory discussion about the patient’s reasons 
for non-adherence. It is limited in that it only provides non-adherence at a single 
time point but can be repeated with ease. The use of biochemical screening can 
be extended to testing for other cardiovascular medications and we anticipate 
that its use will continue to grow in the future and become an integral part of 
management of patients with chronic cardiovascular diseases.

Case Study
First Visit
A 42-year-old female hypertensive patient of white European ethnicity was 
referred to Hypertension Clinic for management of her uncontrolled hyper-
tension by her primary care physician.

She was asymptomatic from the clinical point of view. There was no his-
tory of depression or co-morbidities. She was a non-smoker, drank alcohol in 
moderation and there was no family history of hypertension or premature 
cardiovascular disease.

On referral, her antihypertensive treatment consisted of five antihyperten-
sive medications including a diuretic—all BP lowering medications were pre-
scribed in maximum tolerated doses. She mentioned her BP had always been 
difficult to control but denied non-adherence on questioning.

On examination, she had a raised body mass index of 37.8 kg/m2, a pulse 
rate of 80 beats per minute and clinic BP of 174/92 mmHg. There were no 
stigmata of secondary hypertension. Her ECG and urine dipstick analysis 
were also normal. On routine blood biochemistry, her kidney and thyroid 
function were normal. On 24  hr ABPM, her average daytime BP was 
160/90 mmHg.

A random urine sample was collected for biochemical screening for non- 
adherence to antihypertensive treatment. The results of her initial LC-MS/
MS-based urine analysis are shown below.

 

Second Visit
The results of her biochemical analysis of urine were discussed with the 
patient. She confessed to “forgetting her medications”. It was agreed to reduce 
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5Adherence to Antihypertensive 
and Cardiovascular Preventive 
Treatment: The Contribution 
of the Lombardy Database

Giuseppe Mancia, Federico Rea, and Giovanni Corrao

Randomized trials represent the best approach to the investigation of the effective-
ness of treatment either compared to placebo or to conventional therapeutic strate-
gies. In contrast, they do not allow to suitably assess another aspect of treatment that 
is of major importance for patients’ protection, i.e. adherence to the prescribed 
treatment regimen [1]. This is because in trials patients’ awareness to be under 
observation can substantially modify their behaviour [2]. It is also because in trials 
patients are followed closely, pressurized to abide with no changes by the planned 
treatment sequence and more effectively motivated to assume to prescribed drug, 
leading to adherence levels much greater than in the medical practice. This is docu-
mented by the studies on adherence derived from trials in which comparison is usu-
ally made between groups with adherence levels above and below 80% of the entire 
prescription time [3], a cut-off value unconceivable in medical practice in which the 
prevailing adherence to treatment is usually much lower.

This chapter will focus on real-life adherence to antihypertensive drug treatment 
based on the data obtained over the past 10 years in the population of Lombardy, a 
region of northern Italy with ten million people. In Italy, clinical examinations, 
medical visits, and hospitalizations are totally or largely free of charge for all 
 citizens. This is true also for antihypertensive, lipid lowering, and antidiabetic drugs 
(as well as for other life-saving medicaments) which the patient can obtain from the 
pharmacist with a physician’s prescription. In order to be reimbursed, pharmacists 
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have to file the prescription to the Public Health Service offices, which allows data 
to be analysed centrally and adherence to be quantified as (1) treatment discontinu-
ation, i.e. failure to renew a prescription for a prolonged time interval and (2) overall 
adherence rate, i.e. the ratio between the time covered by prescriptions and the 
overall follow-up time, which the Lombardy database allows to extend to several 
years. This “prescription refill” method may overestimate adherence because drug 
prescriptions do not necessarily mean drug assumption. It has the advantage, how-
ever, that data can be obtained in people unaware of being under observation, which 
means that the results are not distorted by alterations of patients’ behaviour or of the 
variable standard of doctor–patient relationship. In addition, the extended follow-up 
allows not only to suitably investigate the relationship of adherence to treatment and 
outcomes but also to measure adherence in a time integrated fashion, thereby taking 
into account the variable nature of this phenomenon over time. This is a major limi-
tation of the direct methods to assess adherence (drug concentration in urine or 
plasma and witnessing of drug intake), which are confined to one or few days only, 
disregarding that adherence in those days does not guarantee adherence during 
other treatment periods [4].

5.1  Adherence to Drug Treatment in Hypertension

In 445,356 patients from the Lombardy database who received no antihypertensive 
drug prescription in the preceding 2 years, were prescribed a single antihypertensive 
drug and were followed for several subsequent years one or more episodes of no 
renewal of antihypertensive drug prescription for a prolonged time (3 or more 
months) amounted to more than 60% [5]. Discontinuation was more common dur-
ing the first year of treatment, but it continued less steeply throughout the entire 
follow-up.. As shown in Table 5.1, overall, the percentage of patients covered by 
prescription for more than 50% of the follow-up time was low in all cohorts exam-
ined, regardless the differences in age and duration of the follow-up, namely  the 
percentage of patients with a prescription coverage greater than 75% was alwlays  
<50% and in one cohort <25% [6–8]. Thus, in real life, prolonged discontinuation 
of antihypertensive drug treatment is an extremely common phenomenon. It is also 

Table 5.1 Adherence with antihypertensive drug therapy in three cohorts of patients under anti-
hypertensive drug treatment

Adherence with antihypertensive therapya [1] [2] [3]
Very low 61,690 (25%) 1283 (41%) 7495 (20%)
Low 54,558 (23%) 405 (13%) 6498 (17%)
Intermediate 67,494 (28%) 432 (14%) 8256 (21%)
High 58,852 (24%) 990 (32%) 16,212 (42%)

aPatients were newly treated hypertensive. Adherence was measured according the proportion of 
days covered by antihypertensive drug prescription with respect to the days of follow-up. Data 
were obtained from patients aged 18 years or more, 40–80 years, and above 70 years, respectively. 
Duration of follow-up was different in the different cohorts categories of adherence were: very 
low: ≤25%; low: 26–50%; intermediate: 51–75%; and high: >75% (From [6–8])
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common for patients of all ages to remain without antihypertensive drug treatment 
for a substantial portion of their life.

5.2  Adherence and Type of Initial Antihypertensive 
Monotherapy

As shown in Fig. 5.1, in the previously mentioned large patients cohort [5] discon-
tinuation of initial antihypertensive monotherapy varied markedly according to the 
class of the initial drug prescribed. Confirming previous evidence, the risk of dis-
continuation was maximal when a diuretic was initially prescribed, followed by a 
beta-blocker, an alpha-blocker, a calcium channel blocker, an ACE inhibitor, and an 
angiotensin receptor antagonist. The difference between diuretic and beta-blockers 
on one side, and blockers of the renin-angiotensin system on the other was marked, 
whereas that between the two RAS blockers was small, i.e. only 8% [5]. Similar 
findings were obtained in a similarly large cohort (n = 433,680) addressed few years 
later, in which drug treatment discontinuation between ACE inhibitor and angioten-
sin receptor antagonists was even less, i.e. 5% [9], at variance from trial data which 
have reported a much greater difference between ACE inhibitor and angiotensin 
receptor antagonist treatment [10–12]. This implies that when combination treat-
ment is prescribed (two drugs combinations, three drug combinations, or the polyp-
ill) the risk of treatment discontinuation may be dominated by the inclusion of a 
diuretic, whereas the choice between inclusion of an ACE inhibitor or an angioten-
sin receptor antagonist may have much less importance.

A question which has rarely been addressed is whether, within any class, drugs 
show similar or different treatment discontinuation rates. Our data [13] show that, 
within classes, all drugs, except angiotensin receptor antagonists, differ markedly. 

0.5 1.0 2.0

Diuretics

Beta-blockers

Alpha-blockers

Calcium channel blockers

ACE-inhibitors

Angiotensin-receptor
blockers

1.83 (1.81–1.85)

1.64 (1.62–1.67)

1.23 (1.20–1.27)

1.08 (1.06–1.09)

0.92 (0.90–0.94)

- +

Fig. 5.1 Relative risk of discontinuing initially prescribed monotherapy in patients of Lombardy 
in whom no antihypertensive drug prescription had been issued in the preceding 2 years. Data from 
445,356 in whom the initially prescribed drug was a diuretic, a beta-blocker, an alpha-blocker, a 
calcium channel blocker, an ACE inhibitor (ACEI), or an angiotensin receptor antagonists. 
Patients’ follow-up was 1 year (Modified from [5], with permission)
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Namely, treatment discontinuation varies to a pronounced degree between different 
diuretics, calcium channel blockers, beta-blockers, and ACE inhibitors, whereas it 
is superimposable between angiotensin receptor antagonists except for losartan, for 
which discontinuation rate was found to be about 40% greater than that of all ger-
mane drugs (Fig. 5.2).This means that, when considering an aspect of treatment 
such discontinuation of the prescribed therapy, reference to individual drugs rather 
than drug classes is more appropriate. Interestingly, in a comparison between 
generic and brand-name drugs no difference in discontinuation rate was found, this 
being the case both when (1) patients taking the former or the latter drugs were 
confronted and (2) confrontation was based on subperiods of the follow-up within 
patients, i.e. subperiods in which they were taking generics were compared with 
subperiods in which they were taking the corresponding brand-name agents. The 
latter approach eliminated the potential confounding effect of between-patient dif-
ferences in clinical characteristics as cause of the results(Fig. 5.3) [14].

5.3  Factors Involved in Adherence  
to Antihypertensive Drugs

Figure 5.4 summarizes the factors that in real life were found to affect discontinua-
tion of antihypertensive drug treatment [9]. Discontinuation was not substantially 
affected by age and, at variance from a number of previous studies, was greater in 
females than in males. It was not affected by the concomitant prescription of lipid 
lowering agents, reduced by the concomitant prescription of antidiabetic drugs and 
clearly increased by the concomitant prescription of antidepressant agents. 
Discontinuation of antihypertensive agents was also less in patients with hospitaliza-
tions with cardiovascular or renal disease in the previous years (probably because of 
patients’ greater awareness of the importance to achieve BP control) whereas it was 
more frequent in patients with previous hospitalizations for rheumatic diseases, 
respiratory diseases or cancer, probably because under these circumstances antihy-
pertensive treatment was not priorital compared to the treatment of conditions more 
markedly affecting well-being and polarizing patient’s concern. As expected, treat-
ment discontinuation was highest in patients having a hospital diagnosis of dementia. 
This suggests that in this condition prescriptions of cardiovascular risk factors may 
be followed by limited implementation, and thus perhaps by reduced effectiveness.

An unexpected finding was that the discontinuation rates were greater in large 
Lombardy cities and that overall they shared a significant relationship with the pop-
ulation density of the place where patients lived (Fig. 5.5), a density greater than 
3004 people per km2 showing an about 18% greater rate of discontinuing treatment 
compared to a density of <154 people per km2 [9]. A reasonable speculation may be 
that lower population densities reduced the difficulty of people to be visited by (or 
meet) a doctor and by and large favour a better doctor–patient relationship. On a 
more general ground, it should be emphasized that analysing adherence to treatment 
in different geographical areas may represent an important tool for health authori-
ties to detect and act to solve this therapeutic problem where it appears to be greater.
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Gap length to define discontinuation

90 days

60 days

120 days

90 days

60 days

120 days

HR (95% CI)

Ref
1.00 (0.97–1.03)

Ref
0.97 (0.94–1.00)

Ref
1.01 (0.98–1.04)

Ref
1.03 (0.96–1.11)

Ref
1.00 (0.94–1.06)

Ref
1.06 (0.99–1.14)

HR

Brand-name
Generic

Brand-name
Generic

Brand-name
Generic

Brand-name
Generic

Brand-name
Generic

Brand-name
Generic

1.21.11.00.90.8

ITT, between-patient comparison

As-treated, within-patient
(between periods) comparison

Fig. 5.3 Relative risk of discontinuation of initial antihypertensive drug monotherapy with a 
generic or a brand-name agent. Data from 101,618 patients. Discontinuation was defined as failure 
to renew antihypertensive drug prescription for ≥90 days, ≥ 60 days or ≥120 days. In the upper 
part, data are shown as comparisons between patients on an intention-to-treat basis (ITT). In the 
lower part, they are shown as within-patients comparisons, i.e. comparisons of subperiods of the 
follow-up in which patients were prescribed a generic vs. those in which they were prescribed the 
corresponding brand-name agent. The latter approach eliminates the confounding effect of 
between-patients differences as cause of the results. Data are shown by taking initial treatment 
with a brand-name drug as reference (from [11], with permission)

From Model 1

Women
Men

40–49
50–59
60–69
70–80

Antidiabetic drugs
Lipid lowering drugs
Antidepressants

Cardiovascular
Renal
Pulmonary
Rheumatological
Neoplastic
Dementia

HR (95% CI)

Ref
0.83 (0.82–0.84)

Ref
0.79 (0.78–0.79)
0.71 (0.70–0.72)
0.74 (0.73–0.75)

0.88 (0.87–0.90)
1.00 (0.99–1.02)
1.19 (1.16–1.19)

0.73 (0.72–0.73)
0.78 (0.72–0.84)
1.09 (1.06–1.13)
1.15 (1.08–1.22)
1.21 (1.18–1.23)
1.32 (1.21–1.43)

Gender

Age (years)

Cotreatments

Comorbidities

HR

0.5 1.0 2.0

Fig. 5.4 Risk of discontinuation of initial antihypertensive drug monotherapy according to demo-
graphic variables, co-treatments, previous hospitalization for cardiovascular, renal, respiratory, 
rheumatic diseases, cancer, or dementia (from [6], with permission)
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5.4  Adherence to Treatment and Cardiovascular Risk

Several studies have shown that adherence to antihypertensive drug treatment is 
associated with greater cardiovascular protection [3, 6–8]. In Lombardy, this was 
examined by linking the adherence database with a database reporting hospitaliza-
tions throughout the region. In a database that included 12,016 hospitalizations, 
antihypertensive drug discontinuation was found to be accompanied by an almost 
37% greater incidence of hospitalization for coronary or cerebrovascular events, the 
risk of which exhibited a decrease as adherence increased from <25% to ≥75% of 
the follow-up covered by prescription (Fig. 5.6, left panel) [6]. Similar results were 
obtained when hospitalization for heart failure was examined (Fig. 5.6, right panel) 
[7] leaving no question as to the relationship between adherence to antihypertensive 
drug prescription and cardiovascular protection. Indeed, this was clearly docu-
mented also in elderly (age 60–84 years) and very elderly patients (≥85 years of 
age, average 90 years) in whom an increase in adherence from <25 to ≥75% of the 
follow-up time was in either case accompanied by a reduction in the risk of cardio-
vascular events, as assessed by hospital diagnosis (− 14% and – 34%, respectively) 
(Fig. 5.7) [8]. The reduction was more evident for all-cause mortality (−46% and 
47%) and included both stroke and heart failure whereas it was in both groups not 
significant for myocardial infarction [8]. It should be emphasized that randomized 
outcome trials are only available in hypertensive patients aged up to slightly above 
80 years of age, with an average of 83 years in the HYVET trial [18]. The associa-
tion between an increased adherence to antihypertensive drugs and cardiovascular 
protection in patients aged above 85 and 90 years thus represents evidence, albeit of 
an only observational nature, that the benefit of BP lowering interventions is likely 
to extend to extremely advanced age strata. This is clinically relevant because 

Antihypertensive drugs Hypolipemic drugs Antidiabetic drugs

BG BERGAMO
BS BRESCIA
CO COMO
CR CREMONA

MB MONZA-BRIANZA
PV PAVIA
SO SONDRIO
VA VARESE

LC LECCO
LO LODI
MN MANTOVA
MI MILANO

Fig. 5.5 Rate of discontinuation of antihypertensive, lipid lowering, and antidiabetic drug treat-
ment in the Lombardy region according to population density. Data are shown on a colorimetric 
scale
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octogenarians and nonagenarians represent a rapidly expanding fraction of the 
 population which is often given many cardiovascular drugs, with no documentation 
of their protective effect.

5.5  Combination Treatment

The Lombardy database has also been examined for the effect on treatment dis-
continuation of treatment initiation with combinations of drugs. The results 
showed that, compared to initial monotherapy (all drugs pooled), treatment initia-
tion with two drugs was accompanied by a marked reduction in the risk of treat-
ment discontinuation with the following year, regardless whether the drugs were 
taken separately or in a single pill format [9]. They further showed that this advan-
tage was evident when the comparison was done between combinations (1) 
including a diuretic and diuretic monotherapy and (2) combinations without a 
diuretic and a monotherapy other than a diuretic [9, 19]. This may provide an 
explanation for the evidence that initial combination treatment is accompanied by 
a much better long- term blood pressure (BP) reduction than initial monotherapy 
[20], despite the therapeutic obligation for the latter approach to add drugs to the 
initial single drug prescription in order for most patient to reach BP control [21]. 
It may also provide an explanation for the evidence that, in line with a better long-
time BP control, initial combination treatment may lead to a lower long-term risk 
of cardiovascular events [22, 23]. In the Lombardy database, this was documented 
by the observation that patients starting and continuing antihypertensive treatment 
with a combination had a significantly lower risk of cardiovascular outcomes than 
patients exposed to other treatment strategies, such as initial mono followed by 
combination therapy, monotherapy throughout and combination therapy down 
titrated to monotherapy later [24]. Adherence to treatment studies have thus given 
a contribution to the growing evidence of the advantages of treatment initiation 
with two drugs, which is now supported also by hypertension guidelines more 
strongly than in the past.

5.6  Adherence and Other Cardiovascular Drugs

A large body of evidence exists that patients adherence with lipid lowering and 
antidiabetic drugs is as bad as to antihypertensive drugs and that thus poor adher-
ence to treatment affects cardiovascular prevention as a whole. In the Lombardy 
database, this was documented by (1) the high rate of discontinuation of statin treat-
ment as well as the evidence that in the majority of the patients the time covered by 

G. Mancia et al.
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statin prescription was <50% of the overall follow-up (Fig. 5.8) [25] with no sub-
stantial difference (unlike antihypertensive drugs) between the statins prescribed 
and no differential protective effect between generic and brand-name agents, simi-
larly to antihypertensive drugs [26] and (2) patients failing to renew the first pre-
scription were a high percentage (about one third) of the examined cohort for all 
three drug treatments, i.e. antihypertensive, lipid lowering, and antidiabetic drugs 
[27]. It was further shown, in line with other data (3) that also adherence to statin 
treatment provides coronary protection [25], an observation that was expanded to 
show that higher adherence to statin leads also to a reduced incidence of hospital-
ized dementia [28] presumably because most dementia cases may either originate 
from ischemic brain damage or have a clinically relevant vascular component.

Analysis of adherence to treatment in the Lombardy database also highlighted 
a phenomenon shown in previous studies but rarely emphasized, namely that 
greater adherence leads to an increased number of side effects or that it can even 
increase outcome in case of harmful rather than protective treatments [12]. In our 
patients, increased adherence to statin treatment progressively increased the risk 
of developing diabetes (shown by the prescription of antidiabetic drugs at various 
times after the initiation of statin treatment) (Fig. 5.9) [29]. This is a well-known 
inconvenience of statin administration with a still unclear mechanistic explana-
tion, which may reduce the benefit of greater adherence to statin administration. 
The extent of the reduction will have to be calculated after a better information on 
the adverse prognostic value of the statin-induced vs. native or spontaneous dia-
betes becomes available.
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6.1  Background and Rationale

DOT-HTN is a health personnel observed, or witnessed intake, of difficult-to- 
control hypertensive patients’ medication before 24-hour ambulatory blood pres-
sure measurement (24 h ABPM) and is a method introduced in hypertension research 
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during recent years. Our institution [1] has participated in, and followed the intro-
duction of this method. We have observed and reported on the method in two hyper-
tension studies [2, 3], and found only a few reports in the literature addressing the 
issue [4, 5]. Directly Observed Therapy, as an adherence assessment method, has 
been mentioned as part of the design considerations for future clinical trials in HTN 
[6], and is of particular interest to researchers involved with treatment resistant 
hypertension (TRH). Patients with TRH have a sustained systolic BP >140 mmHg 
and/or diastolic BP >90 mmHg despite a minimum of three different antihyperten-
sive drug classes in highest tolerated doses including a diuretic during at least 
6 months of treatment [7]. Another objective way of measuring adherence in TRH 
patients has been reintroduced almost simultaneously to DOT-HTN: By taking a 
blood- or urine sample and analysing it with e.g. high performance liquid chroma-
tography coupled with mass spectrometry (HPLC-MS/MS), one can detect medica-
tion or its metabolites, at that particular point of time, if medication has been taken, 
given that the patient has a normal drug metabolism [8].

Prevalence of TRH is highly debated and range from 1 to 30% of the hyperten-
sion population [7]. Studies published during recent years question whether patients 
are true treatment resistant or rather non-adherent to medication [3, 4]. Ceral et al. 
[9] evaluated serum from 84 difficult-to-control hypertensive patients with 
HPLC-MS/MS and found components of all antihypertensive drugs in only 29 
(34.5%) patients, and no detectable drugs in the serum of other 29 (34.5%) patients. 
Jung et al. [10] identified 76 (20%) TRH patients out of 375 uncontrolled hyperten-
sive patients and assessed adherence to antihypertensive medications with urine 
screening. 40 of 76 (53%) patients were non-adherent to prescribed antihyperten-
sive medications of which 12 patients had no detectable drugs in urine, 28 patients 
had incomplete adherence, and 24 of these had taken less than 50% of the pre-
scribed drugs. Other studies confirm that objective evaluation of serum or urine 
reduces the number of patients with true TRH [11, 12].

Our group acquired first-hand experiences of how the procedure could lead to 
extraordinary situations when applied to hypertensive patients. Two of our cases are 
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described here to provide insight to real-life implementation of DOT-HTN and generate 
questions that in our view need to be addressed in the process of implementing DOT.

Case 1 A young woman was referred from a specialist, with the specific wish to 
undergo renal denervation. She had children of younger age and expressed deep 
concern about the severe nature of her hypertension with end-organ damage. Her 
systolic BP was habitually around and above 200 mmHg. She said that she took her 
medications as prescribed, but with subsequent dizziness and nausea. In the referral 
letter it was specifically stated that there was no suspicion of non-adherence. She 
said that she had tried a variety of medications but none had lowered her BP 
satisfactory. 

The patient was screened according to procedure, which implicated DOT-HTN 
prior to ABPM. 15 to 20 min later she experienced extreme hypotension  [13] and 
was admitted to the Emergency Department.

In a situation like this, it is important to question the safety of DOT-HTN. Are 
there any rare conditions or hypertension phenotypes that if recognized could have 
foreseen the acute development in this case? Can or should DOT-HTN be applied to 
anyone?

Case 2 A much less dramatic, yet interesting case from another study concerned a 
middle-aged well-educated man whom in a letter was informed of DOT-HTN prior 
to the visit. The instructions were to bring his antihypertensive medications in origi-
nal packaging, and not in a pre-dispensed pill-box. He was also informed that the 
medication should be taken in front of an investigator.

Arriving to the visit he questioned the reason for using Directly Observed 
Therapy in general terms. He allegedly accepted the explanation given, that the 
procedure was used in the given study but was not in details informed of initially in 
the Informed Consent Form, otherwise jeopardizing the element of control. The 
investigator got up to fetch a glass of water facing away from the patient. When 
turning around again the patient said that he had swallowed the medication, with-
out the investigator witnessing the intake.

This patient clearly did not want to take any medication under observation. He 
deliberately deviated from instructions given, but was not at any time confronted 
with his choice of behaviour. Would prior detailed information about DOT-HTN, 
have made him decline participation? Of note, the Informed Consent Form approved 
by the Ethics Committee stated that patients in one of the two groups in the study 
would have closer monitoring of treatment than that of the other group. These and 
other extraordinary cases in addition to reports from the literature [14] inspired us 
to conduct a review in order to elaborate more on DOT-HTN. 

6 Directly Observed Therapy in Hypertension (DOT-HTN)
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6.1.1  Historical Background of Directly Observed Therapy (DO T)

We begin with a short version of the inescapable historical background and the work 
of Dr. Karel Styblo [15] resulting in a global implementation of DOT.  Directly 
observed therapy—short course (DOTS) was in 1994 endorsed by the World Health 
Organization [16] to fight the deadly and contagious disease tuberculosis. DOTS 
was a strategy to improve tuberculosis treatment adherence and outcome, and had 
five components: government commitment, quality laboratory facilities to assure 
diagnosis, continuous supply of high-quality drugs, management and documenta-
tion of progress and treatment effect on an individual level (monitoring, recording 
and reporting), and direct observation by health personnel of patients taking their 
medication [15, 17]. By 2008 the implementation of DOTS in more than 190 coun-
tries had cured 36 of 43 million patients [18]. DOTS furnished countries of poor 
health infrastructure with a long awaited framework enabling the health authorities 
to manage and treat a deadly contagious disease. DOTS has since been criticized 
both in regard to its effect on adherence and outcome [19, 20], and the ethical aspect 
of the legislation forced on people. In Norway, all asylum-seeking refugees are 
screened according to the DOTS framework incorporated in the law [21], and 
treated if disease is detected. Tuberculosis medications are highly toxic, with pos-
sible severe adverse effects on the liver and the eyes that can lead to death or blind-
ness. The close monitoring of medication intake and adverse reactions in patients 
are therefore crucial functions of the DOTS framework [19].

A few years after DOTS was globally implemented an initiative was launched to 
do the same in the treatment of human immunodeficiency virus (HIV)/acquired 
immunodeficiency syndrome (AIDS) [22]. The similarities of the two diseases in 
terms of uncontrolled global spread and need for uninterrupted high-quality drug 
supplies as well as monitoring and reporting are obvious, and the term directly 
observed therapy with antiretroviral therapy (DOT-ART) has since labeled the pro-
cedure and enabled researchers and stakeholders to separate it from DOTS. The 
most visible difference between DOTS and DOT-ART is the lifelong treatment pro-
file of HIV/AIDS, in comparison to the “short course” profile of tuberculosis [15].

6.1.2  DOT in Hypertension

The use of DOT in hypertension is rather new. We introduce the concept DOT-HTN, 
to separate it from DOTS and DOT-ART, and to make it easier searchable for 
researchers interested in the concept. Studies have reported the use of DOT-HTN 
prior to 24 h ABPM since 2011 [2–4, 13, 23]. In 2016, Hameed et al. [5] reported 
having established a “DOT clinic” in 2007 at the Birmingham Heartlands Hospital, 
UK, headed by a clinical pharmacist and run by a specialist hypertension nurse. 
Other such initiatives might exist [4] but are to our knowledge not reported in the 
literature.

U. Hjørnholm et al.
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A one-time adherence control with DOT-HTN prior to ABPM will after only 
24 h give you the results of the patients true BP-lowering effect of the prescribed 
regimen—in writing. DOT-HTN provides an objective measurement tool that 
exempts physicians from relying on their own (poor) judgement of the patient’s 
adherence [24] or the patient’s own (unreliable) declaration of adherence [25, 26].

We were among the first to introduce DOT in hypertensive patients (Fig. 6.1), as 
a screening tool in studies regarding renal denervation (RDN) in treatment resistant 
hypertensive patients [2, 3]. Contemporary randomized controlled RDN trials con-
ducted between 2010 and 2015 [13] did not use DOT as direct assessment method 
of treatment adherence, instead they used serum drug concentration [27, 28], one of 
these in combination with a questionnaire [28], or indirect assessment methods like 
diaries [29–31] and interviews [32].

6.1.2.1  Safety of DOT in Hypertension
The safety profile of DOT-HTN has been reported to vary from drug-induced 
adverse effects such as light hypotension [5] to severe hypotension [3, 5] leading to 
renal failure [14]. One element of importance to safety is that health personnel do 
not administer medications from pre-dispensed pill-boxes brought by the patient, 
but dispense from original packaging brought by the patient, alternatively pre-
scribed from the hospital pharmacy [5] (Fig. 6.2).
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Fig. 6.1 In the Oslo RDN Study [3] n = 13 patients were confirmed non-adherent to their antihy-
pertensive medication after DOT-HTN prior to ABPM (previously unpublished, the figure shows 
that in these 13 patients who were identified as non-adherent the mean ambulatory daytime blood 
pressure (BP) fell from 164 to 130 mmHg systolic and from 102 to 81 mmHg diastolic)
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6.2  Methods 

We used the PRISMA 2009 checklist [33], as a tool to build the review, though not 
the entire 27 items, since we did not conduct a meta-analysis, and did not have any 
focus on effect, i.e. DOT’s effect on BP.

Besides PRISMA, we used the definitions in Grant and Booth’s 2009 [34] review 
article: A typology of reviews: an analysis of 14 review types and associated meth-
odologies. Grant and Booth describe the differences and similarities between the 
various kinds of reviews, and how to best fit the right review methodology to the 
question it is meant to address [34]. In the discussion, we provide ethical consider-
ations regarding DOT-HTN, based on a comparison of one of the case reports iden-
tified in the literature, and our case # 1, followed by suggestions of ethical 
considerations prior to future research on DOT-HTN.

6.2.1  Research Questions

The questions we wanted to find answers to were:

 1. What has been published on DOT-HTN so far, that can inform us of the geo-
graphical spread of DOT-HTN, and on which level of care the procedure is 
applied, and what kind of research on DOT-HTN is ongoing?

 2. Do DOT-HTN procedures exist, that could form a future safe standard research 
procedure?

6.2.2  Review Methodologies and Literature Search

In Grant and Booth’s [34] review, there are 7 of 14 review methodologies which in 
their own ways could be used to answer our questions, confirming that there are no 
“one size fits all” approach to a review process [34]. The review methodologies that 

Yes!No!

Fig. 6.2 How to dispense drugs: One element of importance to safety is that health personnel do 
not administer medications from pre-dispensed pill-boxes, but dispense from original packaging
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in their different ways are fit for purpose in the current review are the literature 
review, the mapping review, the overview, the rapid review/rapid evidence assess-
ment, the scoping review, the systematic search and review, and the systematized 
review [34].

Based on the research questions, we decided to do a systematized review (SyR) 
[34]. In a SyR, one attempts to do a systematic review without the comprehensive-
ness fundamental to a systematic review. The SyR methodology requires a system-
atic literature search and a subsequent cataloguing of citations.

A systematic search was performed in Ovid MEDLINE, PubMed, The Cochrane 
Library, and EMBASE for citations through March 31st 2016, using both MeSH 
terms and free text terms relating to Directly Observed Therapy in patients with 
hypertension.

6.2.3  Selection Criteria

We aimed to include all studies in English on DOT in hypertension regardless of 
date of publication, scientific quality and type of report, with the exception of 
abstracts and short commentaries. Citations from the field of tuberculosis and HIV/
AIDS were considered as non-eligible. Grey literature (e.g. internal web-based 
standard operational procedures) was not part of the search. Due to DOT-HTN 
being a novel procedure, the selection criteria were deliberately broad to capture all 
types of reported attempts to use DOT-HTN. We would add citations found by hand 
searching bibliographies in relevant papers, and corresponded with colleagues to 
identify missed citations. Eligible citations were exported to our EndNote Library 
and checked for duplicates.

6.2.4  Search in International Trials Registries

To identify the present use of DOT-HTN in research an advanced search in 
International Committee of Medical Journal Editors (ICMJE) [35] endorsed pri-
mary registries of WHO International Clinical Trials Registry Platform (ICTRP) 
[36] was conducted using the terms: directly observed therapy, witnessed intake of 
medication and hypertension.

In summary, four literature databases [37–40] and 12 trial registries [41–53], 
were searched in the effort to map what have come out of already conducted research 
on DOT-HTN and what research is ongoing. 

6.2.5  Data Extraction from Published Research

Extracted data from the published material included year of publication, research 
location, type of report, method/design, participant characteristics, number of anti-
hypertensive drugs, pre- and post-DOT-HTN blood pressure measurements.

6 Directly Observed Therapy in Hypertension (DOT-HTN)
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DOT-HTN procedure: To describe the procedure, the following ten key points 
of information were extracted: Level of care, group of patients, anamnestic- and 
investigational procedures prior to DOT, information given to patients prior to DOT, 
time of DOT, administration of medications, medical observations immediately 
after DOT, safety measurements, information given to patients after DOT, and fol-
low- up visits.

Ongoing research: Extracted data from the ongoing research were trial registry, 
unique study ID-number, location of study, commercial status, study title, main 
objective, primary endpoint, planned number of subjects to be included, and the role 
of DOT-HTN.

6.3  Results

6.3.1  Identified Ongoing Trials

Search in trial registries identified three [2, 3, 54] of the five published trials and five 
ongoing trials. In summary, two trials [55, 56] were pharmaceutical RCTs, where 
DOT was part of the screening of eligibility before enrolment, planning to enrol 40 
and 30 participants, respectively. One study [56] described the DOT-procedure 
used. The remaining three trials were designed as retrospective interventional [57], 
RCT (pilot) [58], and prospective observational [59], planning to enrol 100, 20, and 
60 participants, respectively. Two studies [58, 59] described the DOT-procedure 
used.

6.3.2  Identified Published Research

The literature search identified ten publications (Fig. 6.3). Among the ten citations 
reviewed, three came from Norway, the others from the United Kingdom, Germany, 
and Canada. Half of the citations were studies [2–4, 54], the remainder consisted of 
two reviews [60, 61], two case reports [14, 62], and one editorial [63] (Table 6.1). 
All citations referred to DOT-HTN of treatment resistant hypertensive patients. One 
study [4] used DOT-HTN to identity non-adherence in uncontrolled hypertensive 
patients. Three studies [2, 3, 54] and one case report [14] used DOT-HTN as a 
screening tool to verify resistance to hypertensive medications prior to RDN. One 
patient in the other case report [62] had already had the renal denervation procedure 
done before adherence assessment with DOT-HTN.  One study [5] reported on 
patients who were worked-up following a standard protocol mainly prior to RDN. In 
total 68 patients were reported non-adherent after DOT-HTN in seven citations.

In eight [2–5, 14, 54, 60, 62] of ten citations, the DOT-HTN  procedure was 
described (Table 6.2). Ten key points of information were identified in the eight 
reports that described DOT-HTN procedures. Three reports, all Norwegian, had 
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rather similar procedures with a maximum of 2 h of post-DOT-HTN observation. 
The two case reports, described severe post-DOT-HTN adverse reactions. Three 
reports had longer observation time, two of them with medication administration 
intervals, instead of complete morning dose administration. All reports either 
described safety measures or discussed the safety of the procedure. In eight of ten 
publications, no characteristics of the patients were described. The two case reports 
[14, 62] provided detailed information about their cases including age, gender, and 
number of antihypertensive medications which includes diuretics. The five studies 
provided no demographic information about the non-adherent patients. 

Three studies [3–5] reported pre- and post-DOT-HTN blood pressure measure-
ments, one of them [3] ABP, two of them [4, 5] OBP and ABP. One study [54] 
provided no data on the two non-adherent patients. 

Records identified through search
in PubMed, Ovid MEDLINE, The

Cochrane Library, EMBASE 

n = 132

Records after duplicates removed

n = 116

Records screened

n = 116

Records on non-HTN 
research excluded

n = 103

Full-text records assessed for 
eligibility

n = 13  

Records excluded:

Abstracts n = 2

Short commentary
n = 1

Studies included in systematized
review

n = 10 

Fig. 6.3 PRISMA [33] flowsheet, showing the record selection process
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Table 6.1 Differences in the reporting of patient characteristics after directly observed therapy in 
hypertension

NCT no. – NCT01673516 NA NCT01673516 NA
Year of report 
(reference) 2011 [4] 2013 [2]

2013 
[60] 2014 [3] 2014 [61]

Location London, UK Oslo, Norway Ottawa, 
Canada

Oslo, Norway Cambridge, 
UK

Type of report Research 
letter

Original article Case 
report

Original article Editorial

Method/design Prospective 
observational

Prospective 
observational

Case 
report

Randomized 
controlled trial

–

Patients with 
applied DOT-HTN 
(% women)

n = 37 
(64.8%)

n = 18 (11%) n = 1 
(100%)

n = 65 (−) –

Age, all patients, 
years, mean (range)

57 (20–87) (39–68) 53 – –

Patients confirmed 
true treatment 
resistant after 
DOT-HTN

n = 14 n = 6 n = 0 n = 19 –

Patient considered 
non-adherent after 
DOT-HTN (%)

n = 23 
(62.2%)

n = 3 (16.6%) n = 1 
(100%)

n = 13 (20%) –

Age, years – – 53 – –
Gender (% male) – – Female – –
No. of 
antihypertensive 
drugs

– – 6 – –

On diuretics (%) – – 1 
(100%)

– –

OSBP in mmHg at 
referral or baseline, 
mean

179 – 177 – –

ODBP in mmHg at 
referral or baseline, 
mean

98 – 106 – –

OSBP in mmHg 
after applied 
DOT-HTN, mean

144 – 97 (after 
1 h)

–

94 (after 
2 h)
140 
(after 
6 h)

ODBP in mmHg 
after applied 
DOT-HTN, mean

83 – 68 (after 
1 h)

– –

68 (after 
2 h)
75 (after 
6 h)

Decrease in OSBP 
in mmHg pre- to 
post-DOT-HTN

– – – – –

U. Hjørnholm et al.
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Table 6.1 (continued)

NCT no. – NCT01673516 NA NCT01673516 NA
Year of report 
(reference) 2011 [4] 2013 [2]

2013 
[60] 2014 [3] 2014 [61]

Decrease in ODBP 
in mmHg pre-to 
post-DOT-HTN

– – – – –

ASBP in mmHg at 
referral or baseline, 
mean (±SD)

– – 176 
(after 
5 h)

24 h 160 (20) –

ADBP in mmHg at 
referral or baseline, 
mean (±SD)

– – 100 
(after 
5 h)

24 h 99 (16) –

ASBP in mmHg 
after applied 
DOT-HTN, median 
(range) or mean 
(±SD)

dt 139 (111, 
207)

a dt 135 24 h 130 (5) –

ADBP in mmHg 
after applied 
DOT-HTN, median 
(range) or mean 
(±SD)

dt 80 (63, 97) a dt 69 24 h 81 (5) –

Decrease in ASBP 
in mmHg pre-to 
post-DOT-HTN

– – – – –

Decrease in ADBP 
in mmHg pre- to 
post-DOT-HTN

– – – – –

DOT-HTN 
procedure described

Yes Yes Yes Yes –

Health personnel 
applying DOT-HTN

Specialist 
nurse

Physician – Physician/nurse –

Defined cut-off 
value to indicate 
non-adherence

– – – – –

Safety reported/
discussed

Yes Yes Yes Yes Yes

(Table 6.1 
continued) NCT no. NA _

NCT 
01630928 NA NA

Year of report 
(reference) 2014 [14] 2015 [5] 2015 [52]

2015 
[58]

2015 
[59]

Location Homburg/
Saar, 
Germany

Birmingham, 
UK

Tromsø, 
Norway

Ottawa, 
Canada

Oslo, 
Norway

Type of report Letter to the 
editor

Original article Original article Review Review

Method/design Case report Retrospective 
observational

Prospective 
observational

Review Review

Patients with applied 
DOT-HTN (% women)

n = 1 (0%) n = 50/48b 
(52.1%)

n = 25/23b 
(21%)

– –

(continued)
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Table 6.1 (continued)

(Table 6.1 
continued) NCT no. NA _

NCT 
01630928 NA NA

Year of report 
(reference) 2014 [14] 2015 [5] 2015 [52]

2015 
[58]

2015 
[59]

Age, all patients, years, 
mean (range) or (±SD)

59 (n = 48) 62.0 
(11.0)

(n = 23) 53 
(8.4)

– –

Patients confirmed true 
treatment resistant after 
DOT-HTN

n = 0 n = 25 n = 23 – –

Patient considered 
non-adherent after 
DOT-HTN (%)

n = 1 
(100%)

n = 25 (50%) n = 2 (8%) – –

Age, years 59 – – – –
Gender (% male) Male – – – –
No. of antihypertensive 
drugs

10 – – – –

On diuretics (%) 1 (100%) – – – –
OSBP in mmHg at 
referral or baseline, 
mean (±SD)

– 184.1 (23.9) – – –

ODBP in mmHg at 
referral or baseline, 
mean (±SD)

– 102.5 (21.4) – – –

OSBP in mmHg after 
applied DOT-HTN

70 – – – –

ODBP in mmHg after 
applied DOT-HTN

50 – – – –

Decrease in OSBP in 
mmHg pre- to 
post-DOT-HTN

– – – – –

Decrease in ODBP in 
mmHg pre- to 
post-DOT-HTN

– – – – –

ASBP in mmHg at 
referral or baseline, 
daytime/nighttime mean

168/169 a – – –

ADBP in mmHg at 
referral or baseline, 
daytime/nighttime mean

108/114 a – – –

ASBP in mmHg after 
applied DOT-HTN, 
daytime/nighttime mean

97/90 a – – –

ADBP in mmHg after 
applied DOT-HTN, 
daytime/nighttime mean

60/54 a – – –

Decrease in ASBP in 
mmHg pre- to post- 
DOT- HTN, mean(±SD)

24 h 19.5 (10.7)
dt 18.4 (11.3)
nt 20.6 (18.1)

– – –

Decrease in ADBP in 
mmHg pre- to post- 
DOT- HTN, mean(±SD)

24 h 9.4 (8.2)
dt 8.4 (8.3)
nt 11.4 (10.9)

– – –

DOT-HTN procedure 
described

Yes Yes Yes Yes Yes

U. Hjørnholm et al.



69

6.3.3  DOT-HTN Procedures Reported in the Reviewed Literature

To emphasize what was published on the DOT-HTN procedure, we chose in this 
section to provide a narrative summary of all critical information clearly stating the 
procedures used, beginning with the earliest identified report from 2011, followed 
by tabulated key points in Table 6.2.

Bunker et al. 2011 [4]: “How common is true hypertension?”
Bunker et al. reported from a specialist nurse-led clinic where drugs were admin-

istered under observation ideally combined with a subsequent ABPM.  Patients 
should meet medication fasting between 9 and 10 am. BP was recorded with a vali-
dated automated monitor using a standardized technique, immediately followed by 
oral drug administration. BP was then measured in intervals of 10–15 min for 2–4 h. 
“In patients on three or more drugs the initial administration consisted of giving two 
of their prescribed drugs (usually a calcium channel blocker and an angiotensin 
converting enzyme inhibitor or angiotensin receptor blocker) with the additional 
drugs (diuretics, β-blockers, α-blockers, etc.) administered at appropriate intervals 
over the ensuring 2–4 hours, depending on blood pressure responses” [4]. Due to an 
adverse response with severe hypotension after administration of the α-blocker doxa-
zosin they “…proposed that for patients prescribed higher doses of doxazosin, a 
maximum dose of 4 mg…should be administered in the context of the tablet feed” [4].

Fadl Elmula et al. 2013 [2]: “Renal sympathetic denervation in patients with 
treatment-resistant hypertension after witnessed intake of medication before quali-
fying ambulatory blood pressure”

“Patients were asked to bring their prescribed medication to the clinical visit…
Medication was documented and administered by the investigator and swallowed 
by the patient under continuous observation, to secure the intake of prescribed med-
ication, in prescribed doses. Patients were then continuously under the observation 
by the investigator to prohibit throwing up again of the pills until 24-hour 

Table 6.1 (continued)

(Table 6.1 
continued) NCT no. NA _

NCT 
01630928 NA NA

Year of report 
(reference) 2014 [14] 2015 [5] 2015 [52]

2015 
[58]

2015 
[59]

Health personnel 
applying DOT-HTN

Physician Hypertension 
nurse

Physician – –

Defined cut-off value to 
indicate non-adherence

– >5 mmHg – – –

Safety reported Yes Yes Yes Yes Yes

NCT no. ClinTrial.gov identification, − not reported, NA not applicable, RCT randomized con-
trolled trial, DOT-HTN directly observed therapy in hypertensive patients, OBP office systolic 
blood pressure, ODBP O diastolic BP, ASBP ambulatory SBP, OSBP office systolic blood pres-
sure, h hour(s), 24 h 24 hour, dt daytime, nt nighttime
aReported in figures not numbers
bTotal n/n with reported gender

6 Directly Observed Therapy in Hypertension (DOT-HTN)
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ambulatory BP device had been mounted and tested out in a somewhat more lengthy 
procedure than usually to prolong the period of observation. Patients stayed in the 
hospital for 2 hours to capture those with potential symptomatic hypotension caused 
by full intake of medication. Visits with subsequent ambulatory BP measurement 
were done in the morning, and further observation of patients in the hospital was 
done during working hours” [2].

Ruzicka et  al. 2013 [62]: “Adherence to blood pressure-lowering drugs and 
resistant hypertension: should trial of direct observation therapy be part of pre- 
assessment for renal denervation?”

“To exclude pseudo-resistance from non-adherence, filling records for the 
patients antihypertensive medications were verified with her pharmacy…” The 
patient was asked “…not to take her morning medication and present to the clinic 
at 8 AM, at which time she was seated in the office, and casual and resting sitting, 
as well as upright, BP were recorded…She was then given her usual morning anti-
hypertensive medications. Subsequently, hourly BP monitoring…showed a dra-
matic reduction in BP” [62].

Fadl Elmula et al. 2014 [3]: “Adjusted drug treatment is superior to renal sym-
pathetic denervation in patients with true treatment-resistant hypertension”.

“Patients were asked to bring their prescribed medication in original packaging 
to the clinical visit…Medication was documented and administered by the investi-
gator and swallowed by the patient under continuous observation, in order to secure 
the intake of prescribed medication, in prescribed doses. Patients were then under 
the observation by the investigator in order to prohibit throwing up the pills until 
24-hour ambulatory BP device had been mounted and tested and clinical examina-
tions had been carried out. Patients stayed in the hospital for 2 hours in order to 
capture those with potential symptomatic hypotension caused by full intake of medi-
cation. Visits with subsequent ambulatory BP measurement were done in the morn-
ing, and further observation of patients in the hospital was done during daytime 
working hours” [3].

Brown 2014 [63]: “Resistant hypertension: resistance to treatment or resistance 
to taking treatment?”

Being an editorial, no procedures were described. Nevertheless, Brown writes 
that: “An increasingly common clinical practice is to undertake ‘directly observed 
therapy’ (DOT), and most hypertension specialists have anecdotes of patients who 
swear to compulsive tablet taking, but collapse on the ward floor when administered 
a fraction of their supposed regimen. DOT is not a trivial exercise, requiring staff, 
time and a bed for the collapsing patient” [63].

Linicus et al. 2014 [14]: “Witnessed drug intake before planned denervation—
Always harmless?”

Blood analyses detected only Carvedilol. “During the morning ward round the 
patient was asked to take his medication under supervision of the treating physi-
cian. Two hours later he felt dizzy, light headed and suffered from nausea. Blood 
pressure reached levels of 70/50 mmHg…” and he subsequently had indications of 
kidney failure. New blood analysis detected the presence of all drugs. After 2 days 
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with a new five-component medication regimen, he was normotensive without 
adverse drug effects [14].

Hameed et al. 2015 [5]: “Non-adherence to antihypertensive medication is very 
common among resistant hypertensives: results of a directly observed therapy 
clinic”.

Hameed et al. followed a strict procedure in a special DOT clinic headed by a 
pharmacist and run by a specialist hypertension nurse. Patients were asked to meet 
medication fasting bringing their own medication. The pharmacist prescribed the 
patient’s usual medication on a chart, which was then dispensed from the hospital 
pharmacy. The patient brought the medication to the DOT clinic where the hyper-
tension nurse compared the patient’s own medication to the pharmacy-dispensed 
medication. “If patients were taking any branded medications, they were given their 
dose of the branded medication from their own supply instead of the generic medi-
cation supplied by the hospital pharmacy” [5]. ABPM device was mounted prior to 
any administration of drugs. “Each prescribed drug was administered at its current 
dose by the nurse, under the guidance of the clinical pharmacist; the first drug 1 h 
after arrival and thereafter at 60-min intervals. Patients were directly observed by 
the nurse for 7 h and all symptoms were recorded” [5].

An arbitrary cut-off value of ≥5 mmHg was used to indicate non-adherence to 
treatment [5].

Miroslawska et al. 2015 [54]: “Renal sympathetic denervation: effect on ambu-
latory blood pressure and blood pressure variability in patients with treatment resis-
tant hypertension. The ReShape CV-risk study”.

“Patients were asked to bring their prescribed medication in original package to 
the clinical visit with one of the study nurses. Medication was documented, admin-
istered by the nurse and swallowed by the patient under continuous observation, to 
secure intake of the medication in prescribed doses. Patients were then continuously 
under observation by the nurse until 24-h ABPM device had been mounted and 
tested” [54].

Ruzicka et al. 2015 [60]: “Can drugs work in patients who do not take them? the 
problem of non-adherence in resistant hypertension”.

“In our tertiary care referral clinic, we observe the patient for 4–6 h after directly 
observed administration of prescribed morning dose of BP-lowering drugs until the 
BP response plateaus. At this point, the patient is discharged home with a 24-h 
ambulatory BP-monitoring device” [60].

Eskås et al. 2015 [61]: “Adherence to medication and drug monitoring in appar-
ent treatment resistant hypertension”.

Eskås et  al. states that: “DOT is used to ensure intake of medication before 
assessing the treatment effect. In the assessment of hypertensive patients, the method 
is based on the patient taking the prescribed medications from original packaging 
in the correct doses, while being observed by a physician or trained nurse, before 
ambulatory BP measurement. The patient is often observed for some time to prevent 
them from spitting out the medications or vomiting, and for safety reasons, as a non- 
adherent patient may experience severe hypotension when all the medications are 
taken at once” [61].
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6.4  Discussion

Methods: This is, to our knowledge, the first review conducted on DOT-HTN with 
emphasis on the DOT-HTN procedure. Conducting a systematized review of pub-
lished literature on DOT-HTN has provided important knowledge of the use of 
DOT-HTN and how the procedure is applied differently. Interestingly, the review 
revealed a clear knowledge gap concerning the characteristics of post-DOT-HTN 
non-adherent patients. Even though the systematized review is not at all as compre-
hensive as the systematic review, the literature search is still systematic and repro-
ducible [34]. The search in clinical trial registers of ongoing trials provided 
important supplementary information about the DOT-HTN procedure in terms of 
use and location [34].

Since DOT is a new tool in hypertension research, with only a few quite different 
types of publications with diversities in methods and design, this early-stage sys-
tematized review was a useful methodology [64]. With the narrative and categoriz-
ing nature of the review, shortcomings in the reporting of patient characteristics as 
well as important safety information were interesting extractions.

The systematized review methodology provided an informative narrative and 
tabular synthesis of what is known about DOT-HTN, and contributed to future focus 
on the knowledge gap. High-profile organizations, like The Cochrane Collaboration 
[65] and the Campbell Collaboration [66] now include a wide range of study designs 
in their reviews [34], signalling that other study designs than RCTs (exclusively 
reviewed years back [67]), can inform health personnel and other stakeholders in 
future health decisions, taking into consideration that the majority of the literature 
in the HTN field is from non-randomized and epidemiological studies [68].

There are some methodological limitations to the conducted review. No critical 
appraisal of the included studies was part of the systematized review. Maybe in 
studies where DOT was used as a screening tool, the word-limitations to most 
abstracts left out the mentioning of DOT in the abstract. A clear limitation to this 
narrative and categorizing systematized review is the low number of identified stud-
ies, five ongoing trials and seven published patient-involving reports, therefore cau-
tion must be taken in concluding from such limited evidence. This systematized 
review is a first step towards more solid research.

Results: This review identified five ongoing studies, five published studies, and 
five other citations regarding DOT-HTN.  All published patient-involving reports 
and three out of five ongoing trials provided information about the DOT-HTN pro-
cedures used. None of the published studies provided information on patient char-
acteristics, in terms of age, gender, number of antihypertensive medications or 
duration of treatment; only the two case reports provided such information. One of 
the published [4] studies and three of the ongoing studies [57–59] used the proce-
dure as a post-enrolment adherence assessment method. Publications from these 
three ongoing studies are of great importance in terms of filling the information gap 
on the patients who are found to be non-adherent. The remaining studies, published 
and ongoing, used DOT-HTN as a screening tool in their inclusion criteria, except 
the one case report [62] where the procedure was used post-renal denervation. 
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Publications from the two last mentioned ongoing studies [55, 56] are probably not 
expected to contribute with data on patients with screening failure, due to normal-
ization of blood pressure after DOT-HTN.  However, using the procedure as an 
adherence assessment method in a pharmaceutical trial, thereby ensuring that 
enrolled patients actually have high blood pressure despite taking their medications 
strengthens the result of the trials, and protects them from confounding white coat 
adherence [5]. White coat adherence is, when patients take their medication only 
prior to visits to their doctor, but not in between visits.

DOT-HTN procedures: There were differences in the DOT-HTN procedures 
that were used. In the three Norwegian studies [2, 3, 54] where DOT-HTN was a 
screening tool prior to enrolment in RDN studies, the DOT-HTN procedures were 
almost identical. Patients were instructed to bring their medication in original pack-
aging and were observed taking their morning dose of prescribed drugs followed by 
mounting of ABPM device. The Oslo-studies [2, 3] reported 2-h post-procedural 
observation time, the Tromsø-study did not report any post-procedural observation 
time. The Norwegian procedures were relatively time efficient and easy imple-
mentable. One severe adverse reaction of hypotension was reported [3]. The cana-
dian procedure [60] entailed observing the patients’ intake of morning dose of 
antihypertensive medications, and monitored the blood pressure until it plateaued. 
They recommended 4–6 h of post-procedural observation. In the Birmingham study 
[5], they informed patients to omit morning dose of antihypertensive medications on 
the day of the visit and used a pharmacist-supported comprehensive standard DOT- 
HTN protocol. Drugs were administered in intervals of one drug every 60  min, 
allowing a reduction in number of medications administered, given symptoms of 
hypotension. Interval blood pressure monitoring was conducted. They had a 7-h 
post-procedural observation time. This procedure was time and labour consuming 
compared to the Norwegian procedure. The London study [4] had a less compre-
hensive DOT-HTN protocol compared to that of Birmingham; however, they initial-
ized the drug administration with a maximum of two drugs, while measuring the 
post-DOT-HTN blood pressure in intervals of 10–15 min. The rest of the drugs were 
administered during 2–4 h with continuous BP measuring in 10–15 min intervals. 
The two case reports gave examples of extreme cases where DOT-HTN was used. 
Ruzicka et al. described a 53-year-old female, treated with antihypertensive medica-
tions for 20 years, and at the time of report, was on post-RDN medical treatment 
with six different antihypertensive drugs. DOT-HTN in this case was a long awaited 
resolve of the patient’s treatment resistant hypertension. She had undergone inva-
sive procedures before DOT-HTN revealed her real problem of non-adherence. 
Linicus et al. described a 59-year-old male, diagnosed with severe hypertension for 
4 years, awaiting the invasive RDN procedure, and at the time of report was on ten 
different antihypertensive drugs. In this case, the patient suffered a severe adverse 
reaction following a DOT-HTN of ten antihypertensive drugs including doxazosin, 
a rather potent α-blocker often administered in the evening. The number and type of 
drugs considered, this was an example of what not to do in the future, and contrib-
utes with important safety information regarding DOT-HTN.  In summary, the 
reviewed reports revealed huge differences in how DOT-HTN procedures were 
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implemented, ranging from ten drugs at one time to one drug every 60 min, with 
implications to the patients involved. Ethical considerations are important here as 
well, and will be discussed later in this chapter.

Hypertensive patients with post-DOT-HTN non-adherence: The results of 
this review revealed the very limited, almost non-existing knowledge of the patients 
who have been proven non-adherent with DOT-HTN, in terms of age, gender, num-
ber of antihypertensive medications, treatment duration, and other background 
information. Looking exclusively at the ten identified published and ongoing stud-
ies, 60% used DOT-HTN to determine patients’ eligibility to further participation, 
which for the published studies part might have led to less attention being paid to 
the reporting of demographics on the post-DOT non-adherent patients. Only the 
case reports, provided demographic information, which is more likely to be 
explained by a lack of reporting, rather than a lack of knowledge even though, as 
Douglas G. Altman writes—“reading a paper we cannot assume things that are not 
stated” [69]. In the absence of knowledge about these patients, it can be relevant to 
look at other patients with similarities to those of the DOT-HTN-patients.

What we know in general from the literature on adherence in hypertensive 
patients is that estimated 50% of patients stop taking their medications after 1 year 
of treatment [24, 70, 71]. We also know that the higher the number of antihyperten-
sive drugs the more it affects adherence in a negative way [25]. One review [72] 
stated that reducing the number of pills taken, was the single most effective adher-
ence promoter. In one review [73] of qualitative studies, medicinal side-effects were 
an important reason for patients to adjust or stop their antihypertensive medication 
intake. It was also found that complicated drug regimens, costs of drugs, older age, 
poor social support, cognitive problems, and depression were associated with non-
adherence [73]. One qualitative study (n = 118) [74] found gender-specific differ-
ences in adherence, i.e. that older age in men promoted adherence to antihypertensive 
drugs, as well as less education and fewer side-effects. Women’s adherence was 
associated with, i.e. more causal attribution to risk factors and mental balance and 
less personal control (e.g. greater respect for authority). For both genders, adher-
ence was associated with a better understanding of their illness [74].

It is known that large intra-individual variability in factors influencing the 
patients non-adherence behaviour exist [75] and Lisa Rosenbaum’s paper “Beyond 
Belief—How People Feel about Taking Medications for Heart Disease” [76] is a 
must-read, with an interesting view into the patients’ perceptions of taking medica-
tions. Her last sentence states that “I want to believe that if patients knew what I 
know, they would take their medicine. What I’ve learned is that if I felt what they 
feel, I’d understand why they don’t” [76].

Where is DOT-HTN used and why? All the 15 reviewed reports and ongoing 
trials originated from only four different nations, namely the United Kingdom 
(London, Cambridge, Birmingham, Exeter, and Edinburgh), Norway (Oslo and 
Tromsø), Canada (Ottawa), and Germany (Homburg/Saar). This could imply that 
DOT-HTN to date has gained limited international interest, or that in particular the 
researchers who initiated the use of DOT-HTN in research, have found it of interest 
to investigate the use of the procedure. The latter might be explained by the highly 
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visible impact the procedure has, in terms of quick, measurable and visible responses 
in patients who do not adhere to their medications. One could speculate that seeing 
patients with long histories of severe apparent resistant hypertension reach treat-
ment target of <140/90 mmHg, or even collapse from hypotension after actually 
ingesting the drugs they have secretively omitted, awakens both astonishment and 
curiosity and drives the observer to find out more about who and why! An example 
could be the researchers from Ottawa, Canada, with Primary Investigator Marcel 
Ruzicka, who published a case report [62] in 2013, a review [60] in 2015 and are 
now recruiting to a prospective observational study [59] of 60 participants investi-
gating a four-step DOT protocol, which have been implemented as part of the stan-
dard care in their Nephrology Department [59]. Our Norwegian research team also 
published a prospective observational study [2] in 2013, an RCT [3] in 2014, a 
review [61] in 2016 and are now recruiting to a pilot RCT [58] of 20 participants, 
investigating DOT based on a 2013 procedure [2]. Researchers engaged in hyper-
tension are not the only researchers interested in how a modification of the original 
DOTS might help their patients. Within the fields of haemodialysis [77], diabetes 
[15, 78], chronic hepatitis C infection [79], anticoagulation [80], and major mental 
illness [81] DOT has been investigated.

Who qualifies to undergo DOT-HTN? Since the literature tells us almost noth-
ing about the patients found non-adherent after DOT-HTN, it is impossible to say 
exactly which patients qualify for DOT-HTN. Patients with uncontrolled hyperten-
sion leaning towards severe apparent treatment resistant hypertension, and who 
declare adherence to antihypertensive medications, would obviously be good candi-
dates. The apparent treatment resistant hypertensive patients represent inadequately 
treated patients, patients with white coat hypertension, patients with secondary 
causes of hypertension, and the patients who secretively omit their drugs and are 
non-adherent to treatment. The question is who and when health personnel should 
test adherence with DOT-HTN. If the patient claims to be adherent to the treatment 
regimen agreed on, and treatment has been adjusted in case of adverse reactions, the 
next step is often a costly investigation of secondary causes to HTN, in a hospital 
setting. Secondary investigations can be expensive and time and labour demanding, 
and include blood test screening for kidney function and hormones. It can include a 
sleep apnea test, or infusion of a chemical substance, a contrast, prior to computed 
tomography with angiography (CTA) or magnetic resonance imaging (MRI) of kid-
neys to look for stenosis in kidney arteries or adenomas in adrenal glands (or other 
kidney disease that could explain the high blood pressure) [7]. In the editorial by 
Morris J. Brown [63] he states that patients who do not willingly allow a test of 
adherence, e.g. by the use of DOT-HTN or blood screening to identify antihyperten-
sive drugs, maybe should not gain the opportunity to be investigated for secondary 
causes with costly methods. Ethically this is problematic of course. Health person-
nel cannot force people to live healthy lives, or take prescribed medication, or fol-
low advice, and when they fall ill or illness is suspected, we must investigate to find 
a cause. In a newly published paper [82] from our research group, we found that 
30% of apparent treatment resistant hypertensive patients referred for renal dener-
vation had secondary causes to hypertension, corresponding with findings in other 
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RDN studies [83]. The proportion of patients with poor post-DOT-HTN drug adher-
ence was in our study 32% [82], which was lower than in the Birmingham [5] and 
London [4] studies with 50% and 60%, respectively. An explanation could be, that 
more patients (n = 83) were screened in our study compared to the Birmingham 
study (n = 50) [5] and the London study (n = 37) [4], in combination with differ-
ences in the selection of patients. It seemed that both in Birmingham and London, 
they had an eye out for the non-adherent patients, in contrast to our study, where the 
proportion of non-adherent patients came as a surprising secondary finding.

What we can try to do in this case is to explain to the patients why tools like 
DOT-HTN can be a first step before commencing costly investigations. If we pres-
ent DOT-HTN to patients in positive wording and not as a control, which if they 
decline would lead to limitations in which investigations we can offer them, then 
maybe the important trust between health personnel and patient prevails. Given a 
positive and supporting attitude from health personnel towards the patient, a DOT- 
HTN resulting in a fall in blood pressure indicating poor adherence, might even 
strengthen that relationship, in terms of an understanding of what is really the prob-
lem, and a new fresh start. It is important that health personnel do not condemn the 
non-adherent patients since that might prevent future collaboration.

Where should DOT-HTN take place? Both in the Birmingham [5] and London 
[4] studies, results were reported from specialist pharmacist- or nurse-led clinics, 
using comprehensive DOT-HTN protocols with safety measures like interval drug 
administration and continuous blood pressure monitoring. Both the Norwegian, 
Canadian, German, and British researchers in the review, reported cases of severe 
hypotension, in some cases in connection with the α-blocker doxazosin in higher 
doses than 4 mg. This could suggest that even though the patient declares adher-
ence, health personnel should not fully rely on such declaration [25, 26], and limit 
the use of DOT-HTN to hospital settings where adequate care can be attributed.

DOT-HTN strengths: The strength of DOT-HTN is that the therapeutic response 
of the antihypertensive medications is clarified within 24 h at the most. With precau-
tions to number and types of drugs, and in a hospital setting DOT-HTN has the 
potential to be a useful tool.

DOT-HTN weaknesses: The procedure has in some patients resulted in severe 
hypotension, even with one reported case of kidney injury and is probably not safe 
to use outside a hospital setting. It has been reported to be a time and labour demand-
ing procedure, but there is no present consensus on the DOT-HTN procedure in the 
literature. DOT-HTN do not measure adherence in a long term perspective, so called 
drug persistence. Treatment of hypertension is often lifelong and using DOT-HTN 
is like a snap shot of the patient’s adherence.

In summary, the DOT-HTN procedure might be useful, but much more high- 
quality research is needed before we can say that DOT-HTN is ready for clinical 
practice.

Ethical considerations: Ethical considerations are a crucial part of all health 
service and especially when we ask patients to participate in research. The young 
woman described in the case at the beginning of this chapter was examined thor-
oughly due to the severity of her situation [3]. Her post-DOT-HTN collapse raised 
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many questions about what caused the situation and how to avoid it in the future. It 
was a possibility that she had mislead the investigator, but one should consider if she 
was capable of comprehending the possible consequences of an intake of antihyper-
tensive drugs “unknown” to her body, given that she habitually omitted them.

This particular case of DOT-HTN have some similarities to the case report of the 
middle-aged women in Canada [62], who had a long history of hypertension, which 
led to renal denervation. Post-RDN her doctors suspected that she omitted her anti-
hypertensive drugs and performed a DOT-HTN, resulting in a dramatic fall in her 
blood pressure from 177/106  mmHg to 97/68 1  h post-DOT increasing to 
140/75 mmHg after 6 h.

Assuming that the two women did not tell the truth, it is important to understand 
why. We already know that self-declaration of adherence is a highly questionable 
adherence assessment method, and it would be ethically wrong not to investigate the 
reasons why patients with very high blood pressure choose to omit drugs and lie 
about it. A worst-case scenario could be life-threatening adverse reactions to antihy-
pertensive medications, at locations, e.g. the general practitioners office, where nec-
essary life-saving resources might not be  present. When introducing a known 
method to a new population, valuable information can be gained from qualitative 
research, like that of Lisa Rosenbaum [76], granting us important insight to the 
patients’ reasoning, in a way that could help health personnel understand how to 
communicate to severe hypertensive patients the importance of treatment.

An important ethical challenge regarding DOT-HTN in a research setting is that 
informing the patients about an upcoming control of their adherence obviously 
induces the risk that they start taking their medications [84]. Patients with poor 
adherence might even decline participation, and selection bias is a fact. Even if you 
randomize patients to DOT-HTN and control, the control group might improve their 
adherence as well, simply due to the attention brought to their treatment, known as 
the Hawthorn effect [85].

Future research: In research including DOT-HTN, the focus should be on 
safety, in terms of the DOT-HTN procedure it-self, and where it is applied. It is 
important that we acquire comprehensive background information on the patients 
who are found non-adherent after DOT-HTN including their perspective on antihy-
pertensive treatment. Knowledge about the patient perspective can be of invaluable 
help to health personnel in the important follow-up of non-adherent patients. A 
simple way to measure a patient’s experience of DOT-HTN is, i.e. to use a visual 
analogue scale where the patients quantify his or her experience of their observed 
intake of medications. To learn about the patient’s reasoning, the researcher can use 
a qualitative- or mixed method approach [86]. In-depth interviews of DOT- 
HTN revealed non-adherent patients could be an interesting future project.

Conclusions: In summary, a known procedure of directly observed therapy has 
been introduced to a new population, and it is important that randomized controlled 
trials are conducted, to investigate whether the DOT-HTN procedure is safe, and 
have any effect on adherence to antihypertensive medications and blood pressure in 
uncontrolled or treatment resistant hypertensive patients. This review found that no 
consensus exists on how DOT-HTN is applied, and that no information about the 
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patients found non-adherent after DOT-HTN exists. It is only when we gain knowl-
edge of who they are, and why they don’t take their medications, that we can 
improve patient adherence. Knowledge about ongoing trials and the identification 
of research groups interested in DOT-HTN might lead to international collaboration 
and future research funding, enabling high-quality research.
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7.1  Introduction

Usual methods for measuring medication adherence use indirect methods such as 
refill data, pill counts, smart pill caps, surveys, and use of serum or urine drug levels 
[1]. These methods make inferences about regular medication-taking and can be 
inaccurate. Additionally, they do not allow providers to make timely interventions, 
and patients are unable to receive regular, prompt feedback on their medication- 
taking behaviors.

Direct methods for measuring adherence can resolve problems that exist with 
indirect measures. Until recently, directly observing ingestion was the only vali-
dated method to be certain a medication was taken. However, this method is imprac-
tical except in certain clinical situations such as hospitalization, nursing home 
residency, imprisonment, and the expensive measures employed in treating 
tuberculosis.

Recent evidence has demonstrated the lack of effectiveness in using passive 
means for measuring adherence such as smart caps on pill bottles [2, 3]. In his book, 
“Thinking Fast and Slow,” Kahneman reports that people are poor intuitive statisti-
cians [4]. Put in a healthcare context, individuals underestimate their own risk for a 
particular outcome, such as myocardial infarction or stroke. Additionally, the ben-
efit of antihypertensive and other cardiovascular medications is often preventing 
future complications, rather than direct relief of symptoms. This may lead patients 
to believe that these medications have less of an immediate, tangible value.

Patients with greater levels of engagement in their care utilize fewer healthcare 
resources [5, 6]. Reaching a mutual agreement on an identifiable treatment goal and 
providing a feedback loop for patients and providers can reinforce the importance 
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of adherence, and engage patients in their own healthcare plan. Providers can also 
focus their attention on making specific and timely medical decisions, such as medi-
cation changes or titration, lifestyle modifications, and adherence counseling.

7.2  Digital Medicines

Proteus Discover™ (Proteus Digital Health®, Redwood City, CA) was designed spe-
cifically to provide feedback on medication adherence, as well as other health- related 
metrics to both patients and providers. Discover™ is FDA cleared and consists of tiny 
(1.0 × 1.0 × 0.3 mm) ingestible sensors to allow for the direct measurement of medica-
tion ingestion adherence when taken with medication, a wearable sensor patch, and 
software on a mobile device [7, 8]. The ingestible sensor is composed of common 
dietary minerals (silicon, copper, and magnesium) and can be combined with a 
patient’s medication to create digital medicines utilizing one of the two methods: (1) 
the ingestible sensor is incorporated into a placebo pill and swallowed at the same 
time as the medication (e.g., through co-encapsulation with the medication by a phar-
macist acting on a physician’s order) or (2) integrated within the medication during 
the medication’s manufacturing process [1]. Data generated by Proteus Discover can 
be accessed by patients, caregivers, and providers via a mobile app and web portal.

Once the sensor is ingested, the magnesium and copper layers become wet, trig-
gering an electrochemical reaction that powers the circuit inside the sensor (the 
same principle governing operation of a “potato battery”). Once activated, the sen-
sor sends a unique message coded for the medication name and dose to a wearable 
sensor patch worn on the patient’s torso, and records the date and time of the sensor 
ingestion. The electrical signal continues until the electrochemically active material 
is exhausted (in a few minutes). The ingestible sensor ultimately passes through the 
digestive system and is eliminated as waste [7].

The disposable wearable sensor patch may be worn for up to 7 days, and in addi-
tion to ingestible sensor data also collects information on body position (e.g., sit-
ting, standing, lying), step count, rest duration, and heart rate. The information 
collected by the patch is encrypted and wirelessly transmitted via Bluetooth to a 
designated mobile device, which forwards it to a secure data server/cloud [7, 8]. A 
mobile device app summarizes the information collected by the patch. Healthcare 
providers, family members, caregivers, or others authorized by the patient can 
access the Proteus data and analytics through a secure online portal or via secure 
notifications. Figure 7.1 illustrates the data flow through Proteus Discover.

The mobile device software application also has features to engage patients in 
their self-management. Patients can set up their medication schedule, including 
reminders and text messages, for themselves, their family or friends. The text mes-
sages can remind patients to take their medications, change the patch, or to ensure 
they are close to the mobile device so that data can continue to flow. Another feature 
prompts patients who miss medication doses with a survey to assess reasons for 
missing the dose (e.g., forgot to take the medication dose, concern about side effects, 
or lack of supply).
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7.3  Pre-approval Studies

De novo 510K clearance in the US and CE mark in the EU occurred after many 
preclinical and clinical studies that were conducted to ensure safety and 
effectiveness.

Benchtop and animal studies confirmed the ingestible sensor was safe with 
regard to toxicology, mechanical, and electrical safety. These studies also confirmed 
that all ingestible sensors were eliminated as solid waste within 72 h. Additionally, 
one study confirmed that the electrical signal from the ingestible sensor was not 
significantly affected by changes in local pH (from 1.6 to 7), or varying the concen-
tration of potassium, chloride, or pepsin [8].

Early clinical studies with the ingestible sensor were performed in 412 volun-
teers from various populations (healthy subjects, and in subjects with hypertension, 
heart failure, tuberculosis, bipolar affective disorder, or schizophrenia) and 20,933 
ingestions. These studies reconfirmed the safety profile. Of 324 directly observed 
ingestions, the average positive detection accuracy was 99.1% (95% confidence 
interval of 97.3–99.7%); there were no false positive detections. Studies also con-
firmed the ability of the device to detect multiple ingestible sensors taken at the 
same time. The most common side effects from the ingestible sensor were nausea/
vomiting (1%) and constipation (0.5%) [8].

The safety of the wearable sensor was also tested in the same populations above 
and in additional populations (e.g., the elderly). Overall, 492 subjects (age range 
21–85 years old, mean: 44.6 years old), who wore the patch for a total of 6407 
patch-use days. The most common issues reported were cutaneous adverse events. 
Sixty-one (12.4% of the 492 subjects) experienced self-limited rashes localized at 
the site of patch placement [9].

7.4  Early Clinical Experience

An early commercial experiment included patients with hypertension in the outpa-
tient setting in the United Kingdom. Healthcare providers prescribed a 2-week use 
of the Proteus patch with the Proteus pill that was co-ingested with their usual anti-
hypertensive medications. This allowed the patients and providers to understand the 
root cause for uncontrolled hypertension. During this time, patients did not receive 
feedback on their ingestions; however, after the patches were downloaded, both the 
patient and provider could review the data together.

Drs. Godbehere and Wareing described use in eight patients; all saw decreases in 
blood pressure. Additionally, the Proteus data improved medical decision-making, 
with four patients receiving dose titrations and three patients given specific adher-
ence counseling [10].

A commercial pilot was also conducted with pharmacists at 15 sites across the Isle 
of Wight in the United Kingdom. Patients with uncontrolled blood pressure were pre-
scribed the Digital Health Feedback Device for 2 weeks. A root cause of elevated blood 
pressure was determined in all 39 patients: 68% required medication titration (higher 
doses or additional medication) and 32% were found to just need adherence counsel-
ing. The Proteus data also helped to guide physical activity recommendations [11].
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Patients in the Isle of Wight pilot reported having a positive experience overall. 
Most patients rated the Proteus device highly in terms of ease of patch attachment, 
use of the patch, app usability and usefulness. Additionally, 87% felt more involved 
in their own care, and 87% also found the information helped to improve their treat-
ment adherence. Pharmacists also had positive feedback, with 91% stating that 
Proteus helped guide clinical decision-making [11].

7.5  Clinical Studies in Hypertension

7.5.1  UK Hypertension Registry Study [12]

This study largely followed the initial UK clinical experience. Subjects with uncon-
trolled hypertension were enrolled across six primary care clinics in the Midlands 
of England. All subjects had failed at least two antihypertensives. Subjects used the 
Proteus patch and co-ingested the Proteus pill along with their antihypertensive 
medications.

Of the 151 subjects enrolled, 144 completed the study and were included in the 
efficacy analysis. More than half of enrolled subjects were male (58%) and the 
mean age was 68 (SD 9, range 31–90 years old). More than half (62%) of subjects 
used two antihypertensives, with the remaining subjects using more than two 
agents.

A root cause for uncontrolled hypertension was determined in all 144 subjects 
who completed the study. Of the 144 subjects, 46 (32%) achieved blood pressure 
control (<140/90 mmHg). On average, the systolic and diastolic blood pressure val-
ues changed by −9.7 (95% CI −12.5, −7.0, baseline 154 ± 13) mmHg and −5.0 
(95% CI −6.5, −3.5, baseline 85 ± 11) mmHg.

The subjects rated their experience highly. Most (92%) did not mind wearing the 
patch and expressed willingness to wear it repeatedly and for longer periods. A 
similar proportion reported the Proteus concept was easy to understand and using 
Proteus was convenient. Overall, 87% of subjects reported they had a good experi-
ence using the Proteus device.

Providers were similarly satisfied. Most practices (75%) found that the use of the 
ingestible sensor added value to their practice, improved the conversations about 
hypertension treatment with their patients, and helped them stay connected with 
their patients.

7.5.2 US Pilot Study in Hypertension and Diabetes

US Cluster-Randomized Pilot-Study in Patients with Uncontrolled Hypertension 
and Type 2 Diabetes [13].

As a follow-on to the UK Hypertension Registry Study, Proteus conducted a 
study in patients to assess patients’ response to medical interventions made by pro-
viders after review of their clinical and adherence data. Participants were selected 
after having an elevated systolic blood pressure (≥140  mmHg) and glycated 
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hemoglobin (A1C ≥ 7%), after failing at least two antihypertensives from the medi-
cation panel (medications from the same drug classes at similar doses was also 
acceptable) and metformin and/or glipizide. Subjects used the Proteus Discover 
offering with digital antihypertensive, antidiabetic, and statin medicines. Table 7.1 
lists the medications and doses available during the study. If necessary, the subject 
could take more than one capsule of each medication during a dosing session (e.g., 
the subject could take two metformin 500 mg capsules).

There were 13 sites that were randomized to one of the three treatment arms: 
Proteus Discover with Digital Medicines use for 4 weeks (DM4), Proteus Discover 
with Digital Medicines use for 12 weeks (DM12), and usual care. All subjects were 
followed for 12 weeks. Clinical outcomes of interest were change in blood pressure 
at Weeks 4 and 12 (change in systolic blood pressure at Week 4 was the primary 
outcome), change in A1C at Week 12, and change in low density lipoprotein choles-
terol (LDL-C) at Weeks 4 and 12 in those who were using statin therapy. Since both 
DM arms received the same intervention during the first 4 weeks, they were com-
bined for analyses performed at Week 4.

The analyzed population included 109 subjects (40 in each of the DM arms and 
29  in the usual care arm). Table  7.2 summarizes the demographics and baseline 
characteristics for the study population.

After 4 weeks, there was a significantly greater reduction in systolic blood 
 pressure in the DM arm (−21.8 ± 1.5 mmHg) compared with the usual care arm 
(−12.7 ± 2.8 mmHg). DM12 subjects continued to have a further decrease in their 
systolic blood pressure (−24.6 ± 1.7 mmHg), which remained statistically greater 
than the reduction in systolic blood pressure for the usual care arm (−15.2 ± 2.0 
mmHg). The DM arms had nonsignificant differences in change in A1C compared 
with usual care (−0.32 ± 0.22% for DM4, −0.08 ± 0.22% for DM12, 0.28 ± 0.35%for 
usual care). For subjects with a baseline A1C ≥8%, both DM arms had larger A1C 
decreases (−0.72 ± 0.23% for DM4 and −0.31 ± 0.31% for DM12); whereas, the 
usual care arm had an increase in A1C (0.26 ± 0.34%). A summary of the main 
clinical results is found in Fig. 7.2.

During the study, subjects in the DM arms had a high adherence rate of 84% for 
the 12  weeks (data available for the DM12 arm only) and 86% during the first 
4 weeks. This level of adherence is higher than the average level of adherence to 
chronic medications of <50% for patients in general.

Table 7.1 Digital medication panel 
for hypertension and Type 2 diabetes 
study

Medication Doses available (mg)
Antihypertensive
  Lisinopril 10, 20, 40
  Losartan 100
  Hydrochlorothiazide 12.5, 25
  Amlodipine 5
Antidiabetic
  Metformin 500
  Glipizide 5
Statin
  Atorvastatin 20
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As seen in the previous studies, subject satisfaction with Proteus Discover was 
rated highly. Subjects agreed that Proteus Discover was easy to use and learn. They 
also felt that being able to see the data motivated them to improve their health and 
have more helpful conversations with their healthcare providers.

7.6  Real-World Evidence

Proteus Discover was introduced into customer settings as an aid to improve control 
of diabetes, hypertension, and hypercholesterolemia. A retrospective analysis on 
patients with uncontrolled hypertension was performed in a community setting at a 
health system in California. Data was available on 53 patients who were prescribed 
Proteus Discover (mean age of 62  years, 52% male, 79% white). Patients used 
Proteus Discover for an average of 34 days with a mean medication ingestion adher-
ence of 87% and high patch use of 94% during the 34 days. Patients realized sus-
tained reductions in both systolic (9.4 mmHg, P < 0.001) and diastolic (5.7 mmHg, 
P < 0.001) blood pressure during the entire follow-up period (mean of 165 days 
after stopping use of Proteus Discover).

Table 7.2 Demographics and baseline characteristics of the study population

DM4
(n = 40)

DM12
(n = 40)

DM (Both 
arms)
(n = 80)

Usual care
(n = 29)

N 40 40 80 29
Age (years, mean ± SE) 58.8 ± 1.38 56.7 ± 1.80 57.8 ± 1.13 61.6 ± 1.70
Female (%) 52.5% 60.0% 56.3% 34.5%
African American (%) 27.5% 7.5% 17.5% 10.3%
Caucasian (%) 72.5% 60.0% 66.3% 65.5%
Asian (%) 0.0% 32.5% 16.3% 6.9%
Hispanic ethnicity  
(%, includes all races)

55.0% 37.5% 46.3% 44.8%

Income ≤$20,000 (%) 57.5% 52.5% 55.0% 62.1%
Education < high school (%) 45.0% 15.0% 30.0% 34.5%
Employed (%) 45.0% 60.0% 52.5% 31.0%
Weight (kg, mean ± SE) 91.5 ± 5.91 85.7 ± 3.41 88.6 ± 3.34 89.7 ± 4.67
BMI (kg/m2, mean ± SE) 32.8 ± 1.37 30.7 ± 0.91 31.8 ± 0.89 31.3 ± 0.97
Systolic BP (mmHg, 
mean ± SE)

152.2 ± 1.57 146.5 ± 0.80a 149.3 ± 1.46a 155.4 ± 2.97

Diastolic BP (mmHg, 
mean ± SE)

90.5 ± 2.79 82.0 ± 5.14 86.2 ± 3.20 83.9 ± 2.94

A1C (%, mean ± SE) 8.8 ± 0.29 8.5 ± 0.20 8.7 ± 0.18 8.3 ± 0.38
LDL-C (mg/dL, mean ± SE) 110.7 ± 5.29 107.1 ± 6.61 108.9 ± 3.91 99.1 ± 6.16
HDL-C (mg/dL, mean ± SE) 47.8 ± 2.55 45.2 ± 1.47 46.5 ± 1.44 40.6 ± 2.51
Triglycerides (mg/dL, 
mean ± SE)

211.2 ± 28.09 195.7 ± 17.30 203.4 ± 16.22 226.1 ± 36.19

Total cholesterol (mg/dL, 
mean ± SE)

190.2 ± 6.50 175.3 ± 6.03 182.8 ± 4.46 174.4 ± 13.17

aDifference compared to Usual Care is statistically significant (p value <0.05). Note differences in 
demographics did not alter outcomes
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Additional analyses showed a reduction in A1C (1.06%, n = 13, P = 0.02) and 
LDL (48.9 mg/dL, n = 7, P = 0.05). There was an early downward (~37% reduction) 
in ER visits (n = 53, P = 0.280). Most patients agreed that Proteus Discover was 
easy to use (86%) and helped them improve their health (89%) [14].
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Fig. 7.2 Summary of clinical results [Note this figure was published and can be reproduced under 
the terms of Creative Commons Attribution 4.0 license for the article referenced for this study]. 
1N = 65 (DMO-4: 26, DMO-12: 24, and UC: 15). (a) DMO-4 – UC: −0.98 (−1.72, −0.24). (b) 
DMO-12 –UC: −0.57 (−1.53, 0.39). 2N = 54 (DMO-4: 6, DMO-12: 28, UC: 20). (a) Week 4: 
DMO – UC: −33.2 (−50.6, −15.8). (b) −19.2 (−36.4, −2.0) at Week 12. Due to small sample size, 
both DMO groups were combined at Week 12
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7.7  Experience in Other Therapeutic Areas

Medication adherence is also critical to clinical management of conditions other 
than hypertension and diabetes mellitus [15–21]. The Proteus technology has been 
used successfully in other therapeutic areas including mental health, infectious dis-
eases, and pulmonary arterial hypertension. In these studies, patients responded 
positively to the Proteus technology.

First, in mental health, a 4-week, observational study was run in subjects with 
bipolar disorder [12] or schizophrenia [18], who used an older version of the Proteus 
technology. Subjects achieved an average medication ingestion adherence of 74%. 
Most (89%) found the system useful to them, with 78% stating they liked to receive 
reminders if they forgot to take their medicine [22].

Among infectious diseases, Proteus has been involved in three studies. The first 
was a study in tuberculosis that was completed prior to FDA approval of the Proteus 
device and helped to confirm the system’s accuracy and safety profile [23]. A larger 
tuberculosis study was conducted at a major academic medical center as well as a 
smaller pilot study done in hepatitis C [24, 25]. The final results are still pending for 
both studies. Interim results indicate that the system was useful in promoting inges-
tion adherence in this diverse and challenging population.

For the hepatitis C study in particular, 28 subjects were enrolled and many had 
risk factors for nonadherence (11 history of drug abuse and 13 had psychiatric 
comorbidities). The average ingestion adherence was 94% and the data facilitated 
targeted and timely interventions in 11 patients [25].

Finally, Proteus Discover was used in patients with pulmonary arterial hyperten-
sion in a 12-week, 21-subject, prospective study. In addition to promoting a high 
level of ingestion adherence (mean adherence 94%), the study also found a correla-
tion between step count and adherence. The ingestion adherence data was also used 
to guide therapeutic decision-making [26].

7.8  Future Directions

Because nonadherence is a pervasive issue throughout chronic disease manage-
ment, Proteus Discover is being introduced in other therapeutic areas. In late 2015 
and early 2016, the company began working with three leading institutions on 
multi-year NIH-funded studies to measure adherence in HIV patients and patients 
initiating HIV pre-exposure prophylaxis [27–29].

 Conclusion
Evidence has shown that simple reminders and retrospective measurements of 
adherence are not enough to promote changes in adherence behavior. Timely and 
accurate feedback to patients promotes healthy behaviors and medication adher-
ence and offers reliable data to providers for making more informed decisions. 
By delivering a direct measurement of medication adherence and timely 
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feedback to patients and providers, Proteus Discover better supports provider 
decision-making and patient engagement in their self-care, thereby improving 
treatment outcomes.
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8Ethical Aspects of Measuring Adherence 
to Antihypertensive Treatment

Paul Hjemdahl

Poor adherence to prescribed drug therapy is a common and potentially modifiable 
reason for inadequate treatment effects, not least in chronic and (usually) asymp-
tomatic conditions like hypertension [1–3]. Poor adherence is associated with wors-
ened outcomes and it is an important task for the medical team taking care of the 
patient to identify and manage the problem [2]. However, assessing and improving 
adherence are difficult tasks and the literature on adherence in hypertension is quite 
diverse with estimates of non-adherence from <10% to >50% depending on meth-
ods used and populations and clinical settings studied.

Reasons for not taking medicines as prescribed are many, ranging from forgetful-
ness to fear of adverse effects and lack of motivation to take preventive therapy. 
Adverse effects are not a big problem with antihypertensive medications but when 
they appear—as true side effects or due to the nocebo effect—many patients will 
quit taking the drug(s) without consulting their physicians. Thus, it is most impor-
tant to convince the patient that it is in his/her best interest to take the drug(s) pre-
scribed upon initiation of treatment and the motivation of the patient must be 
maintained during long-term treatment. In studies of willingness to take cardiovas-
cular preventive medication surprisingly many patients require large and preferably 
quick and certain benefits (prolongation of life or reduced risk of suffering compli-
cations) to consider starting treatment [4]. Thus, the odds are often against preven-
tive medication. Even if we are convinced that it is in the best interest of the patient 
to take the treatment this is ultimately the patients’ decision and doctors must 
respect the autonomy and integrity of the patient.
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The introduction of invasive treatment by renal denervation (RNx) for patients 
with resistant hypertension has prompted the need for optimization of antihyperten-
sive drug therapy [3] and exclusion of non-adherence as a modifiable cause behind 
persistently elevated blood pressures before subjecting them to the risks associated 
with RNx. The high cost of the intervention also underscores the need for not offer-
ing it to patients unnecessarily [5]. Pseudoresistance to antihypertensive treatment 
caused by poor adherence is not an acceptable indication for RNx. Before consider-
ing RNx in a presumably resistant hypertensive patient, the possibility to control the 
patient’s blood pressure with a regimen consisting of at least three drugs from dif-
ferent classes at optimal dosages should be ruled out according to present consensus 
whether the clinical setting is a trial or routine care. Effective diuretic therapy (pref-
erably with chlorthalidone) and spironolactone seem to be underused [3]. Adherence 
is of course of key importance in this context.

Long-term adherence to a complex treatment regimen is notoriously difficult to 
document. Interviews, pharmacy claims, and electronic pill boxes are tools that 
yield some information but neither of them actually proves that the drugs are taken 
as prescribed. Self-reports of adherence (using the eight-item Morisky Medication 
Adherence Scale) were less likely to identify important non-adherence than phar-
macy claims [6]. The latter provide valuable information on persistence but are less 
precise regarding drug-taking behavior [2]. Screening of the prescribed drugs or 
their metabolites in serum/plasma or urine has therefore evolved as an “objective” 
method for verifying adherence, especially in the context of RNx [2, 5, 7]. However, 
what is the robustness of a negative result (drug levels missing or too low) and what 
is the positive predictive value of finding all drugs in the sample? Furthermore, ethi-
cal issues need consideration and these may also influence the meaningfulness of 
the testing.

8.1  Drug/Metabolite Monitoring

Finding drug/metabolite levels compatible with intake of appropriate dosages of the 
drugs despite persistently elevated blood pressures supports the contention that 
there is resistance to treatment but does not prove good therapeutic coverage since 
this test provides “snap shot” information which may not be representative of the 
persons general adherence. Absence of any or all of the analytes sought in the sam-
ple would argue for poor adherence as a causative factor behind the “resistant” 
hypertension. Findings of low levels of the drug/metabolite are difficult to interpret 
due to interindividual variations, for many reasons, in pharmacokinetics and phar-
macodynamics (PK/PD) of the drugs measured. The detection limits (sensitivities 
of the assays) are important and the time courses for excretion of the drugs or their 
metabolite(s) should preferably be known for different dosages and in patients with 
different levels of renal function. This underlying knowledge is needed for correct 
interpretation of test results.

The “time window” that the drug/metabolite analysis covers is obviously an 
important issue. This is for most antihypertensive drugs rather short—probably only 
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a couple of days depending on the drug/metabolite in question, its excretion pattern 
in the patient (which can vary), and the sensitivity of the assay. However, it can also 
be very long, as for amlodipine, and result in false positive results [2]. In addition, 
it is very difficult, if not impossible, to translate urinary drug levels into (therapeu-
tic?) plasma levels. In drugs of abuse testing urine samples are preferred (although 
the samples can be adulterated to hide drug intake) since measurable levels persist 
longer in urine than in blood. Is urine or blood (plasma or serum?) the best matrix 
for the qualitative or (semi-)quantitative monitoring of antihypertensive drugs? 
What are the detection times in the matrix chosen and their confidence limits for the 
drugs tested, taking both the dosing and the interindividual variability in PK/PD into 
consideration? When is it reasonable to assume that the concentration measured is 
compatible with drug intake as prescribed? The analytical challenge will probably 
be greater with measurements in blood but such levels would be easier to interpret 
in terms of PK/PD. Perhaps a biomarker is preferable to drug analysis, if possible 
[2]? Regardless, interpretation of the findings should rest on basic knowledge which 
presently does not seem to be adequate.

When monitoring intake by drug/metabolite analyses, the time windows for most 
drugs will be rather short and the analysis will provide information of a “snap shot” 
nature rather than prove that the patient is adherent in the therapeutic sense. The 
“tooth brush” effect, i.e., taking the prescribed treatment before a visit to the doctor, 
is a well-known phenomenon which cannot be excluded with assays that measure 
recent drug intake only, and this will result in false positive results. Long-term infor-
mation could be obtained by repeated measurements, but the tooth brush effect will 
probably be encouraged upon repeated monitoring even if this was not found to be 
a problem with one repeated measurement during routine care in a specialist clinic 
not focusing on “resistant” patients [8]. The best method for bioanalytical documen-
tation of long-term adherence and therapeutic coverage would be to measure  drug/
metabolite levels in hair, which could cover a time frame of months, but I do not 
know if that is feasible.

8.2  Ethical Issues and Their Methodological Consequences

How and when should the patient be informed about the drug testing? Informed con-
sent is mandatory whenever this is possible in a research project [9]. Should this not 
be the case also in routine health care? Using a sample for reasons other than those 
disclosed to the patient is unethical and confrontation of patients with unfavorable 
test results without previous information will no doubt endanger the patient’s trust in 
the doctor responsible for clandestine testing and, in the worst case, perhaps even of 
health care in general. A false negative result—wrongly accusing the patient of not 
adhering—would be disastrous. If informed consent is obtained, when should this 
be? After sampling but before the analysis? Or before the sampling? In the former 
case, the patient may feel that it is difficult to withdraw consent when the sample has 
already been taken. The fairest way to treat the patient is to be honest about the test-
ing but how should the patient who refuses testing then be treated?
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In the study by Hamdidouche et  al., written informed consent was obtained 
before sampling and no patient declined testing either on the first or the second 
occasion [8]. In studies of evaluating “resistant” hypertensive patients for RNx, the 
patients were unaware of the testing in [5] and procedures for information are not 
mentioned (probably absent) in [7]. In the study by Jung et  al. [5], 50% of the 
patients were non-adherent or poorly adherent and 87.5% of them admitted poor 
adherence when confronted with test results which were stated to be “crucial infor-
mation for the physician, allowing rational therapeutic decisions based on a mea-
sured parameter.” In the study by Patel et  al. [7], the finding of biochemical 
non-adherence led to exclusion of 8 out of 24 patients remaining in the diagnostic 
pathway for RNx after further blood pressure evaluation and questions regarding 
adherence. Hopefully, these “objective” tests excluded patients for whom RNx 
really was inappropriate and, hopefully, the procedures used led to improved adher-
ence and increased therapeutic efficacy of the medications in these cases.

Regardless of the timing of the information, the possibility to obtain samples 
from unprepared patients will most likely disappear after the first sampling. Most 
patients with “resistant” hypertension due to poor adherence will probably antici-
pate renewed testing and take their drugs before future visits to avoid negative test 
results. Thus, repeated monitoring may yield erroneous results but patients are prob-
ably only given one chance in the workup for RNx.

8.3  Ethical Analysis and Conclusions

Benefits should be weighed against risks in health care as in research involving 
human subjects [9]. The value of monitoring adherence by drug/metabolite analyses 
is limited for both analytical reasons (detection periods and precision) and ethical 
reasons related to information and consent.

When evaluating patients for possible RNx, the benefit of biochemical monitor-
ing is access to an “objective” measure of adherence but the value of this (with false 
positives and false negatives as outlined above) is limited. The risks are several and 
at least equally important. Generally, adherent persons may be rejected due to for-
getfulness to take pills on the occasion of testing or due to methodological problems 
with the test. Non-adherent persons may pass the test due to the tooth brush effect 
or long persistence of drug levels despite poor adherence. These possibilities of 
faulty test results reduce the value of biochemical monitoring. Thus, the question-
able robustness of the testing and the “snap shot” nature of the information obtained 
weigh against a favorable benefit/risk evaluation. Furthermore, issues related to 
information and consent may infringe on the autonomy and integrity of the patient.

Information and consent are key ethical issues. If the testing is performed with-
out informed consent or even information, it is unacceptable from the patients’ point 
of view. This way of handling the problem should be seriously reconsidered if the 
testing is performed to include or exclude individual patients from an RNx program 
but it may be acceptable if it is performed for research reasons and the results do not 
infringe on the integrity of individual participants. Ethical approval which waives 
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the need for information should be obtained for such studies. If the testing is per-
formed in routine care, this should be preceded by informed consent and be part of 
an effort to increase adherence and obtain better therapeutic results.

Thus, both methodological and ethical aspects must be weighed into decisions to 
employ biochemical monitoring of antihypertensive treatment. Misuse of the tech-
nique may be counterproductive if it damages the patient–doctor relationship and 
the patients’ trust in health care procedures. Used correctly biochemical monitoring 
may contribute to but not solve problems with the assessment of adherence.

What are then the alternatives? The key to good adherence and long-term per-
sistence in a patient with hypertension lies in convincing the patient that taking 
the treatment as prescribed is in his/her best interest. The patient could become 
his/her own doctor and monitor the therapy with home blood pressure measure-
ments. Electronic devices such as the MEMS monitor can be helpful for peda-
gogical purposes and pill boxes that remind the patient or a Dosette with dispensed 
medicines can help the patient remember to take the drugs. A simple way to assess 
persistence is to monitor pharmacy claims but this also has its problems and limi-
tations. Patients may claim prescriptions without taking the medications, espe-
cially if they have previously been confronted with failures to claim prescriptions 
for drugs they do not want to take. How does one integrate a dialogue regarding 
pharmacy claims in the care of the patient in a constructive manner to improve 
therapeutic efficacy without infringing on the patients integrity? Repressive mea-
sures such as witnessed drug intake or biochemical monitoring of drug intake 
without informed consent should be handled with great care and preferably be 
avoided. Most importantly, the doctor should recognize the limited value of “snap 
shot” testing, especially if it is performed repeatedly, and respect the integrity and 
autonomy of the patient.
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9.1  Introduction

Hypertension remains a leading cause of cardiovascular (CV) morbidity and mor-
tality in the world [1], despite the growing evidence form clinical trials proving the 
effectiveness of antihypertensive therapy (AHT) in controlling blood pressure (BP) 
and reducing the CV risk [2]. Nevertheless, in real life, a noticeable proportion of 
hypertensive individuals appears to be unaware of the risk or, if aware, does not 
undergo therapy [3, 4]. Furthermore, target BP levels are often not achieved in 
treated hypertensive patients [5, 6]. In the last guidelines of the European Society of 
Hypertension [2], patient low adherence to treatment is considered to be one of the 
three main causes of the low rate of BP control, besides physician inertia and defi-
ciencies of health care systems. In real life situations, the percentage of hyperten-
sive patients that can be considered as “good compliers” is highly variable depending 
on the methodology used to assess it and therefore ranges between 20 and 80% [7]. 
Even in clinical studies, median persistence with AHT is low, about 50–60% at 1 
year [8].

The published literature identified hundreds of determinants of non-adherence to 
long-term therapies [9]. One important aspect to consider in order to understand the 
phenomenon of non-adherence to AHT is that hypertension is a lifelong, chronic, 
often asymptomatic condition. In its therapeutic way consisting of a daily therapy 
for years to treat a silent condition, the patient may be faced with several heteroge-
neous barriers, intervening at different times of life, affecting its capacity to initiate, 
implement, or persist with physicians’ prescriptions, and ultimately leading to its 
 discontinuation [10] (Fig. 9.1).
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This schema is not an exhaustive list of all possible barriers to adherence, but it 
shows how obstacles may intervene in different phases of the adherence process 
(from initiation, to implementation, to persistence).

In 2003 [11], the World Health Organization (WHO) published a detailed report 
identifying five interacting dimensions affecting adherence to long-term therapies 
as illustrated in Table 9.1.

In this chapter, we will review the determinants and barriers to adherence in 
hypertension utilizing the WHO Multidimensional Adherence Model classification 
(Fig. 9.2), showing in which phase of the adherence process they intervene. We will 
review how these barriers may complicate the therapeutic history of a hypertensive 
patient as illustrated in the clinical case described below.

9.2  Clinical Case

Mr. H. is a 72-year-old man of Caucasian origin, married and father of two adult 
children, retired for 7 years. He has a 50 years history of poorly controlled essential 
hypertension. The hypertension diagnosis was done during a military check-up at 
age 20. Thereafter, he was employed by a car dealer. He was always considered as 

Initiation

Persistence

Implementation

Poor communication
  Low motivation
    Logistical barriers
     Acute drugs side-effects

Poor habit renforcement
  Poor motivation
    Complex/confusing drug regimen
       Delayed drugs side-effects
         No therapy benefit

Discontinuation

Fig. 9.1 Sequential barriers to adherence with antihypertensive therapy

Table 9.1 The WHO interacting  
dimensions affecting adherence to 
long-term therapies

1. Patient’s understanding and perception
2.  Demographic factors (gender, age, and education)
3.  Health care provider’s mode of delivering 

treatment
4.  Relationships between patients and health care 

professionals
5. Health systems influences
6. Therapy-related factors
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in good health and was never feeling sick. His father had also high BP but was older 
than 80 years and without any complication. So our patient did not listen to the mili-
tary doctor recommending looking for a family doctor and for the next 10 years he 
forgot about his high BP. At age 30, he sought medical advice for chronic lumbar 
pain, and his BP was measured at 175/105 mmHg. The patient was smoking and 
became overweight. The general practitioner was concerned and addressed Mr. H. 
to a cardiologist, who prescribed the first pharmacological therapy associating pro-
pranolol 80 mg twice daily, and chlortalidone 25 mg once daily. In addition, he 
urged the patient to lose weight and to do more physical activity and discouraged 
him from taking non-steroidal anti-inflammatory drugs (NSAID) to treat his lumbar 
pains. Mr. H. did not really understand why his BP values stressed doctors but 

Therapy-related factors

Complexity of dosing regimen

Long duration of drug regimen

Low drug tolerability

Patient-related factors

Age

Sex

Gender

Low literacy

Limited education

Limited self-efficacy

Low perceived risk

Depression

Social/economic factors

Poor socioeconomic status

Illiteracy

Unemployment

Limited drug supply

High cost of drugs

Condition-related factors

Asymptomatic disease

Chronic disease

Health system-related factors

Clinical or therapeutic inertia

Lack of scientific knowledges

Poor adherence with therapeutic guidelines

Unadequate understanding of therapeutic goals

Inadequate time

Lack of feedback and incentiveness on patient’s behaviour

Failure to emphasize the lifestyle modifications

Perceived harm of the treatment

Fig. 9.2 Barriers to antihypertensive medications adherence according to the World Health 
Organization Domains (Open access) [11]
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thought it was better to follow the prescriptions. Almost immediately he noticed 
urinary urgencies several times during day and night. A colleague told him this was 
an adverse effect of diuretics and so he decided to stop chlortalidone, with prompt 
resolution of the annoying problem. He did not feel any negative effect of proprano-
lol, so he continued the therapy, forgetting occasionally the evening dose. At the 
same time, his back pain was more and more intense and he could not deprive him-
self from the NSAIDs. In his professional life, he was limited because of the pain 
and he started to be depressed.

BP values were always too high when measured by his physician, and olmesar-
tan 40 mg once a day was added to his regimen. Mr. H. accepted, without telling 
him he had stopped chlortalidone and was continuing NSAIDs. He continued not to 
understand the fears of his primary care physician and the potential consequences 
of his uncontrolled hypertension. After all, he did not feel high BP and his father had 
survived without damages to decades of hypertension. Furthermore, he could not 
feel any benefit from his treatment or rather he had to suffer the adverse effects and 
he sometimes worried about becoming too dependent on these pills. His wife was 
convinced that the problem was too much stress; and thought that BP would normal-
ize if his husband could reduce the workload. She asked the help of a naturopath, 
who prescribed him some herbal medicines and informed the patient that proprano-
lol could provoke sexual dysfunction. Mr. H’s motivation to take drugs and its trust 
in physicians drastically collapsed. For 5 years, he did not seek medical advice, until 
he was hospitalized in emergency for unstable angina pectoris and had a coronary 
revascularisation. His BP was very high. The day of hospital discharge, the young 
fellow of cardiology delivered him a recipe with seven medicaments listed (five of 
which for BP control) and counselled him to suppress salt and fats from his diet, to 
stop smoking and to reduce his alcohol consumption.

9.3  Patient’s Understanding and Perception 
of Hypertension

What the patient understands and believes is closely associated with the level of 
adherence to therapy, but these factors have the characteristic to change with time 
and to be modifiable positively or negatively. Initially, the diagnosis of hypertension 
often triggers a strong denial reaction and generates considerable socioeconomic 
threats that may further inhibit the patient from accepting the diagnosis and dealing 
with a therapeutic strategy. Like in the case of Mr. H., many patients are found to be 
hypertensive when they are in their 30s and early 40s years, when the threat of a loss 
of vigour and energy is insidiously beginning.

In the history of Mr. H., we can identify some important psychological barriers 
to the adherence to therapy: lack of understanding of the disease and conse-
quently low perceived risk of the diseases consequences [12–14]. Mr. H. is 
largely unaware of the nature of hypertension and of its possible causes. He ignores 
the potential clinical consequences of an inappropriate BP control based on his 
father’s experience. Therefore, he does not understand the therapeutic needs and 
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why his physicians are so concerned. In this patient, one can also note the perceived 
ineffectiveness and harm of treatment, the lack of self-efficacy, and lack of 
involvement in the treatment decision-making process [15, 16]. Patients with 
such characteristics are less likely to take their medication, to adopt healthy lifestyle 
changes, or to contact their physician if their BP is outside the desired range [17].

Frequently, patients perceive hypertension as an acute intermittent symptomatic 
condition and not as a chronic asymptomatic disease needing a long-term pharma-
cotherapy [18, 19]. Mr. H.’s wife seems to adhere to the “stress model” of hyper-
tension and beliefs that hypertension will resolve once stress is reduced. This is the 
common error of confounding nervous tension with hypertension. The notion of 
hypertension as a “simple anomaly” and not a disease that is directly related to 
heart disease and stroke was a commonly cited explanation for not taking AHT in 
an observational study exploring uncontrolled hypertension among French patients 
[20]. Health beliefs are strongly influenced by the social context and personal 
experiences of the patient: patients who experienced hypertension-related symp-
toms or had family members with a history of hypertensive disease and experi-
enced hypertension-related complications are more likely to view hypertension as 
a serious condition, and are more likely to describe a willingness to make lifestyle 
changes [21]. This is not the case of Mr. H. who is asymptomatic and has been 
confronted with a hypertensive father living over 80 years without any hypertension- 
related complication. Results suggest that the objective severity of patients’ dis-
ease conditions, and their awareness of this severity, can predict their adherence 
[22]. The issue of “Beliefs and adherence” will be discussed in more depth in 
Chap. 10.

9.4  Comorbidities

Comorbidities may represent a serious obstacle to the adherence process. For exam-
ple, mental health status (e.g. stress, depression, anxiety), cognitive dysfunction in 
elderly and substance abuse have constantly been proved to reduce adherence [23]. 
Some elements of our patient’s history could indicate the presence of an unsolved 
psychological overload: he feels stressed, he cannot handle the workload, he shows 
no interest and initiative to take care of his health problems.

A meta-analysis exploring the association between psychiatric illness and medi-
cal adherence [24], showed that depressed patients had a three times higher likeli-
hood of being non-adherent to medical prescriptions, while the association between 
anxiety and non-adherence was variable.

9.5  Demographic Factors

Patient demographic characteristics (e.g. gender, age, marital status) have not been 
consistently related to poor adherence [23]. This can partly explain why health care 
providers are ineffective in predicting adherence rate in their patients [9].
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9.5.1  Gender

It is generally reported that women are more adherent to therapy than men. Yet, this 
assumption is not always supported by data. A systemic meta-analysis published in 
2017, including 28 studies and 12,603 subjects from 15 countries in the four conti-
nents, analysed the demographic determinants of adherence to AHT using the 
Morisky medication adherence scale-8 (MMAS-8) [25]. The findings about sex dif-
ferences revealed that although a higher percentage (54% vs. 46.2%) of non- 
adherence to medications was noticed in women (P  <  0.001), the risk of 
non-adherence was 1.3 time higher in men, with a relative risk of 0.883 (95% 
CI = 0.76–1.02, P = 0.104). These figures were higher than those published by Holt 
et al. [26] who focussed on elderly hypertensive patients assessed by MMAS-8. In 
this study, 15% of women vs. 13.1% of men had low adherence scores. In a recent 
retrospective study [27], analysing non-adherence to AHT using high-performance 
liquid chromatography-tandem mass spectrometry (HPLC-MS/MS)-based assay in 
the UK and Czech general population, the odds of the overall non-adherence were 
65% and 55% higher in women than in men in the UK and Czech populations, 
respectively. No difference was noticed between men and women in the elderly 
hypertensive population of the CoSMO study [28].

Nevertheless, sex seems to condition the influence of some somatic, psychoso-
cial, and behavioural factors on medication adherence. For example, depression has 
been identified as an important correlate of low adherence, particularly among older 
women [26]. Among men, higher body mass index (BMI ≥25 kg/m2) has been asso-
ciated with lower medication adherence scores, even after adjusting for depression 
and stress. A possible explanation is that patients who do not take their medications 
may also be less likely to exercise and follow dietary regimens [26]. In a recent 
study conducted on French patients with uncontrolled hypertension, obesity and a 
history of stroke were associated with poor drug adherence in men, whereas in 
women the most common factors were past or current smoking or infrequent con-
tact with their family doctor [20].

Sexual dysfunction acts as a barrier to AHT adherence in men, but not women. 
Sexual dysfunction is highly prevalent in hypertensive adults [29] and could stem 
from both the physiological impact of hypertension itself, and/or side effects of the 
pharmacologic regimen [30]. Earlier work revealed that patients who perceive that 
their medication therapy is linked with their sexual problems may have sustained 
adherence problems [31]. A 2005 retrospective analysis of prescription claims 
showed that when erectile dysfunction in men was treated with sildenafil, adherence 
to hypertensive treatments subsequently improved [32]. When prescribing a phar-
macological regimen to a sexually active patient, like Mr. H., doctors should con-
sider the risk of interfering with his sexual performance and talk about it. In our 
patient, the prescription of two medication classes susceptible to induce sexual dys-
function (the non-selective beta-blocker propranolol and the thiazide-like diuretic 
chlortalidone) was a risky choice. Identifying and addressing any perceived sexual 
side effects of AHT might successfully improve adherence in men.
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9.5.2  Age

Concerning the impact of age, studies of non-adherence to AHT have been con-
ducted mostly among middle-aged and elderly patients, not enabling to compare the 
extreme age effect [33–36]. Nevertheless, studies including subjects from a wider 
age range showed that younger age is a strong predictor of poor adherence. For 
example, in an analysis of data from NHANES 1999–2002, subjects <30 years old 
were 12 times more likely to be non-adherent than those ≥50 years old, independent 
of other risk factors [37]. The observed age effect was of the same direction but 
stronger than the effect reported in a previous study [38]. It can be speculated that 
youngs are more reluctant to accept the chronic administration of pills interfering 
with their life activity to treat an asymptomatic condition. In the UK and Czech 
general population-based retrospective trial [27] exploring non-adherence using a 
HPLC-MS/MS-based assay, age showed an inverse association with non-adherence: 
every 10-year increase in age was associated with just >30% reduction in the odds 
of non-adherence. Hypertensive elderly individuals may face specific challenges, 
including multiple medications with frequent dosing, and potentially decreased 
dexterity or cognitive function. Elderly patients seem particularly sensitive to the 
phenomenon of cost-related underuse of medications, which is associated with 
health care coverage factors (e.g. increasing out-of-pocket costs, inadequate pre-
scription coverage), as well as with the quality of the physician–patient relationship 
[39, 40]. Results from a US national survey of Medicare Beneficiaries aged 
≥65 years showed that 39% of seniors who reported cost-related non-adherence had 
failed to discuss cost-related non-adherence issues during the visit with their physi-
cian [41]. Another study showed that patients who give lower priority to discussing 
their hypertension-related concerns with the physician are significantly more likely 
to be non-adherent to their medication [42].

Elderly patients are faced to potentially destabilizing life events, like hospitalisa-
tions and retirement. The periods following the hospital discharge [43] and retire-
ment [44] were both found to be characterized by a high rate of poor adherence 
among elderly. Of note, in elderly patients, cognitive dysfunction may result in both 
an underuse and an overuse of prescribed medications which may lead to clinical 
complications.

9.5.3  Race

Subjects of different ethnic backgrounds have unique adherence issues associated 
with several factors such as beliefs, tolerance of side effects and expectations. The 
meta-analysis of non-adherence to AHT published in 2017 [25] reported a sensitiv-
ity analysis stratified for different continents. This analysis showed a significant 
non-adherence level in hypertensive patients with major regional differences. Thus, 
studies carried out in Africa showed a higher percentage of poor adherence levels 
(62.4%) than Asians (43.5%), Europeans (36.6%), and Americans (36.6%). There is 
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strong consensus that medication low adherence rates are higher among patients of 
African or African-American origin, with respect to whites [45]. The African race 
has been shown to have a major influence on hypertension prevalence, hypertension 
awareness, hypertension-associated CV complications [46], and on the response to 
AHT [47]. Interestingly, it seems also that in the United States, physicians demon-
strate less empathy, concern, courtesy, information giving, and nonverbal attention 
when caring African-American patients [48].

9.5.4  Socioeconomic Status

Conventional wisdom suggests that poor socioeconomic status is a strong predictor 
of medication non-adherence, through its effect on access to medications, health 
literacy, and medication knowledge [49]. In reality, current evidence about the 
association between socioeconomic status and AHT adherence is poor, mostly 
because of strong limitations in the assessment of socioeconomic status in pub-
lished research [50].

9.6  Health Care Providers’ Mode of Delivering Treatment 
and Relationships Between Patients and Health Care 
Professionals

The health care providers share with the patient the responsibility for a good adher-
ence: positive relationship, good quality of communication, positive interactions, 
empathic, non-judgemental attitude, and ready availability are some health care pro-
vider’s characteristics having been shown to positively impact adherence [51]. In the 
contrary, inadequate time dedicated to the patients, lack of incentives and posi-
tive feedbacks on patient’s behaviour, and failure to encourage the lifestyle mod-
ifications necessary in the management of the chronic disease have detrimental 
effects on adherence [52]. Analysing the patient–doctors relationship in Mr. H.’s his-
tory, we are impressed by the poor quality of communication of the various physi-
cians in charge. Doctors provide scientific arguments on the possible consequences 
of not adequately treating hypertension and these latter are projected on a “disastrous 
future”. However Mr. H.’s unexpressed thoughts are focussed on the actual paucity 
of symptoms and on the fear for adverse effects. The young fellow intervening at the 
end of the clinical case acts according to evidence-based medicine without consider-
ing the past experiences of his patient. This attitude has a little chance of success.

Other major physician-related barriers concern the scientific domain, including: 
lack of scientific knowledge, poor adherence with therapeutic guidelines [53], 
inadequate understanding of therapeutic goals [54], and clinical or therapeutic 
inertia [55].

In 2001, Phillips introduced the concept of “clinical inertia” [56] to describe the 
phenomenon of the health care providers who do not initiate or intensify the therapy 
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appropriately when therapeutic goals are not reached: “recognition of the problem, 
but failure to act”. Since then, more reasons for therapeutic inertia have been identi-
fied: overestimation of care, soft reasons (i.e. “improving control”, “target almost 
reached”), lack of training and organization at “treating to target”, clinical uncer-
tainty (defined as the feeling of the physician that the numbers might not be reliable 
and therefore the patient might not be hypertensive) [57] and competing demands 
(the effect of unrelated comorbid conditions on hypertension management) [58]. In 
2006, Okonofua [57] introduced the terms of “therapeutic inertia” and since then, 
the two terms “clinical inertia” and “therapeutic inertia” have been used indistinctly. 
Inertia has been shown to significantly contribute to suboptimal BP control rates in 
treated patients [59, 60].

9.7  Health Systems Influences

Patients and health care providers are influenced by their national health care sys-
tem, which may affect the access to therapy through the choice of health care 
delivery (e.g. access to primary care, availability of self-management support), 
health care financing (e.g. health insurance, prescription drug coverage) and 
health care strategies to promote adherence. As all chronic diseases, hypertension 
management requires a long-term reliable supply of medications, at an affordable 
price. This can be problematic in low income countries, where drugs often have to 
be bought out-of-pocket. A recent review [61] analysed the influence of medication 
payment schemes on patients’ medication adherence: copayment or out-of-pocket 
expenditure, drug coverage or insurance benefit, prescription benefit coverage limits 
or prescription cap, and free of charge or fully subsidized were found to affect drug 
adherence. The higher out-of-pocket expenditure or copayment borne by patients 
influenced patients’ medication adherence depending on (1) the amount of out-of- 
pocket money spent for medications, (2) the perceived financial burden of medica-
tion, and (3) type of patients and diseases such as young-aged and chronic diseases. 
A Commonwealth survey published in 2009 estimated that cost-related medication 
non-adherence ranged from 3% in the Netherlands to 43% in the United States [62]. 
A multi-national cross-sectional European survey [63] found significant differences 
in self-reported non-adherence to AHT across the sampled European countries 
(from 34% in Austria to 70% in Hungary). The main finding is that differences are 
not exclusively explained by the country effect, but also by heterogeneities of popu-
lations in cost-related factors, low perceived self-efficacy, and high perceived barri-
ers. The findings of a study conducted in the United Kingdom including hypertensive 
patients suggested that patients may not feel comfortable discussing cost issues with 
their doctors, considering that financial problems do not concern doctors [64]. 
However, according to the principle of concordance, doctor and patients should 
share all concerns about medication, including the issues of costs and affordability 
in order to reach a therapeutic alliance. Health systems-related strategies for improv-
ing adherence and access to drugs are discussed in Part IV of this book.
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9.8  Complexity of Antihypertensive Drug Regimens

The best investigated determinants of adherence are those related to the pharmaco-
therapy itself and can be categorized in four domains: drug tolerability, drug costs, 
treatment duration, and regimen complexity. The subject of drug therapy returns 
frequently in the speech of Mr. H., with a very negative connotation.

The role of drug tolerability in adherence to AHT is a topic for debate. Many 
investigators argue that the fewer the drugs side effects, the better the adherence 
[65–67]. Patients with newly diagnosed hypertension are good candidates to 
analyse the impact of acute side effects on adherence since suboptimal daily 
implementation of the newly prescribed AHT regimen has been demonstrated to 
be one of the most common factors for poor persistence [8]. Observational stud-
ies focussing on incident patients have shown that initial treatment with angio-
tensin-converting enzyme inhibitors, angiotensin II antagonists, and calcium 
channel blockers favoured treatment persistence, when compared to diuretics 
and beta-blockers [34, 68–70]. In agreement with the “tolerability hypothesis” 
angiotensin II antagonists—a class known for its very good tolerability profile 
[71]—show the best persistence among all other AHT drug classes in newly 
treated patients [69, 72].

The “tolerability hypothesis” emerging from observational studies has been 
questioned by the results of some randomized controlled trials. Indeed, measures of 
quality of life in the Treatment of Mild Hypertension Study [73] were higher with 
chlorthalidone and acebutolol than with enalapril, amlodipine, and doxazosin. 
Pooled results from head-to-head randomized controlled trials that recorded discon-
tinuation of medications due to adverse events have demonstrated that significantly 
fewer patients discontinued treatment with thiazide diuretics, than with beta- 
blockers and alpha-adrenergic blockers [74]. The unsolved question is if adherence 
results of traditional clinical trials are suitable to interpret drug adherence in the 
today world, since some aspects of adherence, like initiation and persistence, are 
better in clinical trials than in clinical practice [75]. Moreover, the tolerability pro-
file of newer drugs has improved considerably.

Once correctly implemented, the therapy should be continued for many years. A 
multi-national cross-sectional European survey [76] analysed the determinants of 
non-persistence to AHT. The main findings were that patients were less likely to 
continue with their medications if the dose frequency or the probability of adverse 
effects were high, while they were more likely to continue when the probability of 
treatment benefits increased.

The impact of medication regimen factors on adherence to some chronic dis-
eases, among which hypertension, has been resumed in a literature review published 
in 2008 [77]. Three of the seven included studies [78–80] used electronic monitor-
ing to measure adherence. To summarize their findings, there is strong evidence that 
once-daily dosing results in a superior adherence compared to multiple daily 
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dosing, but it is less clear whether there is a decrement in adherence for each addi-
tional dose per day [78–82].

In a study including more than 8000 adults initiating simultaneous AHT and 
lipid-lowering treatment, Chapman [83] observed that patients taking no other med-
ications were almost twice as likely to be adherent as those taking six or more 
medications.

In contrast, George [84] found that a higher number of concurrent medications 
predicted good adherence in a study of 350 clinic patients with congestive heart 
failure and suggested that taking more medications may require a higher level of 
attention and therefore improve adherence. In the previously described retrospec-
tive analysis using biochemistry to assess non-adherence, Gupta [27] found that, on 
average, every increase in the number of prescribed drugs was associated with 85% 
and 77% increase in the odds of the non-adherence in the UK and Czech popula-
tions, respectively. Based on the existing evidence, it appears that the number of 
concurrent medications may contribute to adherence as well as to non-adherence 
depending on the clinical situation.

One frequently proposed strategy to simplify the treatment regimens is to use 
single-pill combinations, containing long-acting substances [85]. The use of single- 
pill combinations has the advantage to enable once-daily dosing and to reduce the 
pill burden. It has been associated with a higher adherence and an improved BP 
normalization ratio compared with free combinations [86–89], but it also has some 
drawbacks. Indeed, if the patient omits to take one pill, he actually misses more 
pharmacological agents simultaneously, increasing the risk of rebound effects. 
Paradoxically, the twice-daily regimen could ensure a better continuity of drug 
exposure than does the once-daily regimen in patients with adherence problems 
although the twice-daily regimen creates twice as many opportunities for missing a 
dose. This is the basis of the paradox of the “twice-daily advantage”: better drug 
efficacy despite a higher percentage of prescribed doses omitted [90]. Thus, the 
once-daily treatment should not be a dogma, particularly in difficult-to-treat hyper-
tensive patients.

 Conclusions

The therapeutic management of hypertensive patients implies a lifelong treatment 
with various medications which is sprinkled with pitfalls and obstacles limiting 
the acute as well as the long-term adherence to medications. Barriers can occur at 
beginning of the path, hindering correct implementation of the therapy, or can 
manifest after some months or even years, threatening persistence. Obstacles may 
be of different nature, varying from patient’s and health care professionals’ pecu-
liarities, to socioeconomic context and therapy’s characteristics. A comprehensive 
understanding of adherence barriers, including all dimensions that can affect 
potential modifiable individual attitudes, is essential to design effective interven-
tions to enhance medication adherence and to evaluate the impact of these inter-
ventions on adherence rates and ultimately patient outcome.
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10.1  Non-adherence: The Silent Thief

10.1.1  Sizing the Challenge of Non-adherence

The availability of medicines for cardiovascular protection has the ability to add on 
years of life to individuals at risk of cardiovascular events—if everyone aged 55 or 
older, or had existing cardiovascular disease, took medications for cardiovascular 
protection, a third of the individuals would gain an average of 11 years of life, free 
from cardiovascular events or stroke [1]. The greatest challenge, however, lies in 
achieving adherence to these preventative treatments. Whilst the use of medicines 
for cardiovascular protection have the potential to reduce risk by over 80% [1], 
these health benefits cannot be gained if individuals do not take the treatment.

Adherence to treatment in long-term conditions where medication primarily 
serves as a preventative, rather symptomatic or curative, measure is notoriously dif-
ficult [2]. Medication used for hypertension and cardiovascular protection are no 
exceptions. Patients prescribed such treatments are frequently asymptomatic, and 
correspondingly the risk of early treatment discontinuation is high [3]. Prescriptions 
for newly prescribed medicines for hypertension or hyperlipidaemia have the high-
est rates of primary non-adherence—that is, the prescription is not even brought to 
the pharmacy to be filled—compared to other medication classes [4]. Rates in the 
literature suggest that nearly 1 in 3 new prescriptions for hypertension or hyperlipi-
daemia are never filled [4]. Even when medicines are started by patients, the likeli-
hood of continuation in the long term is low. A study of 77,193 patients on 
antihypertensive treatment found that after 2  years of treatment, only 55% of 
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patients remained on treatment [3]. This was further reinforced in a meta-analysis 
which included 20 studies investigating adherence to medicines used in cardiovas-
cular prevention, such as aspirin, statins, and antihypertensives: after 24 months, 
adherence was estimated to average 57% [5], a percentage similarly echoed in a 
meta-analysis published in the following year [6].

These numbers are potentially deadly. For every preventative medication that is 
never started, missed, or stopped early, there is a corresponding increase in risk of 
adverse health outcomes. Patients who did not fill their discharge prescriptions within 
120 days after a myocardial infarction had an 80% increased odds of death; those who 
filled part of their prescriptions had a 44% increased odds, compared to those who 
filled the majority of their prescriptions [7]. It is well documented in the literature that 
poor medication adherence is linked to poor health outcomes; likewise, good adher-
ence is linked to good health outcomes [8]. Early discontinuation of antihypertensive 
treatment, for example, was associated with a 15% increased risk of acute myocardial 
infarction and a 28% increased risk of stroke [3]. Similarly, in a large population-
based retrospective study of 31,306 patients, patients who had good or excellent 
adherence to antihypertensive treatment had almost half the risk of all-cause death, 
stroke, or acute myocardial infarction (hazard ratio 0.69 with good adherence and 
0.53 with excellent adherence) compared to those with poor adherence [9]—a finding 
which has been replicated in a number of other studies for antihypertensives as well 
as other cardiovascular protection agents [6, 10, 11]. The consequences of non-adher-
ence are therefore great—not only for the individual in terms of lost years of life and 
disability but also for health providers, payers, and society. Patients who have poor 
adherence to their antihypertensive therapy are at higher risk of developing cardiovas-
cular disease such as coronary disease or chronic heart failure [12]. It is the silent thief 
of resources—cost reductions in the order of 10–18% are estimated between groups 
with high and low adherence [13]. Yet despite the vast amount of evidence highlight-
ing the importance of adherence to preventative treatment in hypertension and cardio-
vascular disease, adherence remains suboptimal.

Non-adherence is one of the most important challenges facing healthcare today. 
Although effective preventative medications exist for cardiovascular protection, 
which have proven potential to save lives, non-adherence as a cause of ongoing 
morbidity and mortality has not been adequately addressed. If the prescription was 
appropriate, non-adherence represents a waste of resources and a significant missed 
opportunity for health gain. As stated in the World Health Organisation report on 
adherence, “the potential rewards for patients and societies of addressing adherence 
to long-term therapies are large” [2]. There is an urgent need to design more effec-
tive solutions to address non-adherence.

10.2  Interventions to Enhance Adherence in Cardiovascular 
Disease: Room for Improvement

10.2.1  Review of over 20 Years of Intervention Research

Over the last two decades, there have been an increasing number of interventions 
designed to address the issue of non-adherence in long-term conditions. The latest 
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Cochrane review published in 2014 included 182 published randomised controlled 
trials (RCTs) of adherence interventions—an increase of 109 RCTs since the previ-
ous review in 2007 [14]. This increasing trend in number of studies is likely to 
continue as the challenge of non-adherence remains. Of the RCTs included in the 
review, the majority (24%, n = 44) of the RCTs were in the hypertension, dyslipi-
daemia, and cardiovascular disease or risk, highlighting the increasing prevalence 
of these conditions. Of the included RCTs however, only 2 RCTs in hypertension 
were considered to have low risk of bias and were included in the analysis [15, 16]. 
Both of these RCTs involved multifaceted, complex interventions, which are likely 
to be difficult to replicate in a real-world clinical setting. In a landmark study by 
Haynes et  al., the intervention included special pill containers, counselling, self- 
monitoring, reminders, feedback, and support groups administered biweekly by a 
programme coordinator. Despite this intensive intervention and the corresponding 
higher adherence achieved in the intervention group, no significant changes were 
seen in diastolic blood pressure after 6 months [15]. In the study by Morgardo et al., 
intervention patients received counselling from a hospital pharmacist at a special-
ised outpatient clinic, providing education, advising physicians, and verifying 
adherence through checking of blister packs and medication boxes. Both adherence 
and blood pressure control improved after 9 months [16]. Even when all studies are 
taken into account, the effects of these interventions on adherence are mixed and 
non-consistent.

As these examples demonstrate, many adherence interventions are complex. 
There is a lack of high-quality evidence to support the use of one particular inter-
vention over another as results vary from one study to the next—whilst education 
may be effective in one population, this is ineffective in another. Despite the 
increasing number of intervention studies, the conclusion from these systematic 
reviews remains unchanged across 20 years of research. Interventions to improve 
adherence have limited effectiveness, and even if studies do show effect, the inter-
ventions are complex and difficult to sustain in real-life practice. Even the best 
interventions have limited and short-lived effects. Details on the actual content and 
delivery of the interventions are commonly not described in sufficient detail to 
replicate in practice. Systematic reviews may also not be able to capture changes 
in behaviour in an individual over the duration of the study. Although large num-
bers of studies are included in systematic reviews, the use of inter-group compari-
sons in RCTs may not capture intra-individual changes in behaviour. These changes 
may provide essential clues as to how the patient interacts with the intervention, 
and what factors determine its effectiveness. Unfortunately, few studies capture 
these details of individual behaviour change and few describe interventions in suf-
ficient detail for us to identify the factors that were important for the behaviour 
change, or for replication. There is a need for a different approach to adherence—
one that enables us to gain in-depth understanding of the barriers and facilitators of 
adherence to allow the design of effective interventions in a sustainable manner. 
Few interventions are tailored to address the specific reason for non-adherence that 
are unique to the individual [17, 18].

Although many different types of adherence interventions have been trialled in 
hypertension and cardiovascular protection, the techniques used and outcomes seen 
vary widely between studies, even amongst studies using the same general 
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intervention technique. Interventions which have been trialled include education; 
motivational interviewing; adherence problem solving; targeting adherence barri-
ers; medication packaging; reminders; instructions; social support; self-monitoring; 
care integration; and adherence feedback [19]. Yet despite the vast number of inter-
ventions trialled, no single approach has been identified which effectively addresses 
non-adherence consistently—in fact, some studies which incorporate adherence 
changing techniques (such as problem-solving strategies) appear to report smaller 
effect sizes than studies which do not use these techniques [19].

Although no evidence supports any particular intervention type over another, 
interventions which appear to be more effective tend to be ones which involve mul-
tiple intervention components; or target patients recruited specifically due to adher-
ence problems; or involved intervention delivery over a sustained period [19, 20]. 
These provide some clues as to what an effective intervention might look like. We 
can gain further information from studies which explore relationships between par-
ticular patient characteristics and adherence; although these studies per se give 
minimal information on how to develop an effective intervention, the findings can 
help identify groups at high risk of poor adherence and thus allow targeting of 
adherence interventions. For example, a systematic review and meta-analysis of 
adherence interventions in hypertension found that effect sizes were larger for inter-
ventions amongst female, older and moderate- or high-income participants [19]. 
These findings can have implications when prioritising interventions in limited 
resource settings. However, when considering the design of effective interventions, 
one must look beyond the population and focus on the individual. Interventions that 
may have demonstrated effectiveness in one population may not be effective for a 
particular individual. There is a need for an individualised, tailored approach if 
effective interventions are to be designed.

10.3  Understanding Non-adherence as a Variable Behaviour

10.3.1  Adherence as a Behaviour, Not a Characteristic

Adherence has traditionally been viewed as a characteristic unique to an individ-
ual—a person was thought of as either adherent or non-adherent. Yet the possible 
reason why previous interventions have failed to demonstrate effectiveness may lie 
in the approach taken to address non-adherence. Past research has focused predomi-
nantly on attempting to explain adherence using quantifiable determinants such as 
patient, regimen, or illness characteristics [21]. However, as discussed previously, 
these determinants have limited value when attempting to explain adherence. The 
‘non-adherent patient’ is a myth as most of us can be non-adherent at least some of 
the time [17]. The relationships observed between particular characteristics, such as 
sex or income, and adherence, are neither clear nor consistent. For example, a study 
of 2325 patients on antihypertensives found an association between younger age 
and poorer adherence [22], yet a similar study found that those who were older were 
less likely to adhere to treatment [23]. The same contradicting associations have 
been reported with other demographic characteristics such as income and sex.
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Indeed, focusing on sociodemographic factors will not provide a solution to non- 
adherence; non-adherence is a feature of the way the individual interacts with their 
treatment rather than any particular characteristic of the patient themselves. Non- 
adherence is therefore best viewed as a variable behaviour rather than a trait character-
istic as adherence behaviour varies not only between individuals, but even within the 
same individual over time. Non-adherence does not arise from irrational behaviour—
more often than not, the individual goes through a cognitive process and their conse-
quent behaviour or actions towards the treatment comes from a combination of their 
own personal experiences with treatment, their perceptions of health and medication in 
general, and the attitudes they develop about their condition and treatment [17].

The best insights we can gain into adherence behaviour is to understand an indi-
vidual’s perceptions about their illness and treatment. Indeed, patients’ understand-
ing of the causes and effects of hypertension and beliefs about side effects were some 
of the most commonly reported reasons for stopping treatment for hypertension [24]. 
Patients who believe they are personally able to control the illness without treatment 
are almost half as likely to adhere to adhere to treatment [24, 25]. These findings are 
similar with medicines prescribed for cardiovascular disease [26]. Together these 
studies illustrate the importance of understanding adherence as a behaviour—a per-
son’s beliefs about the illness and treatment are more likely to influence adherence 
rather than demographic characteristics. Future interventions in adherence need to 
focus on changing behaviour and using behaviour change techniques [27]. New strat-
egies need to build on this concept of adherence as a health behaviour to enable 
effective interventions to be developed. After decades of research, it is clear there is 
no one type of patient who is ‘non-adherent’, nor a ‘one size fits all’ intervention. 
There is a need to develop more effective ways of tailoring support to meet the needs 
of individuals if we are to improve adherence in a sustainable fashion.

10.3.2  The Motivation-Ability Paradigm for Explaining 
Adherence Behaviour

In order to tackle non-adherence, it is important to understand why non-adherence 
occurs from an individual patient perspective. First, non-adherence may be inten-
tional (e.g. when we decide not to take the treatment or to take it in a way which 
differs from the recommendations) and/or unintentional (e.g. when we want to fol-
low the recommendations but lack the capability or opportunity to do so). The easi-
est way to think of this is to consider adherence behaviour as two-pronged—patients 
do not adhere because either they do not want to, or they are not able to. How 
non-adherence arises therefore relates to two components which drive the behaviour 
respectively—motivation and ability [17]. This ability in turn is affected by the indi-
vidual’s environment—both internal factors (e.g. physical capability to take the 
medication) and external factors (e.g. aspects of our environment affecting access to 
the treatment, such as not having easy access to a pharmacy) [17, 28].

This forms the basis of the Perceptions and Practicalities Approach (PAPA) to 
explaining and improving adherence [17], which has been applied in the NICE 
Medicines Adherence Guidelines [18].
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10.3.3  A Perceptions and Practicalities Approach to Designing 
Patient-Centred Interventions

Using PAPA for adherence support derives from an understanding of the types of 
reasons why people do not take their medicines (Fig. 10.1). First, adherence to treat-
ment is a result of two factors: motivation and ability, as described above. PAPA 
therefore stipulates that adherence interventions should address these two compo-
nents: motivation to adhere by addressing perceptual barriers (e.g. beliefs about the 
illness and treatment) and ability to adhere by minimising practical barriers (e.g. 
ability to remember to take the medicine, or afford medication supply) [18]. 
Adherence support should be tailored to the individual’s need by using a ‘menu- 
based’ approach. This is where specific intervention components are selected to 
address the individual’s unique perceptual and/or practical barriers.

Figure 10.1 shows the PAPA approach to adherence—it depicts the key influ-
ences of adherence behaviour as the two middles circles, which represent perceptual 
and practical barriers to adherence. These two factors can overlap. For example, 
motivation may help the individual overcome limitations in ability which might in 
turn influence motivation to take the treatment. The model is therefore a Venn dia-
gram, rather than two discrete circles (Fig. 10.1). Influencing these two factors is the 
social and environmental context affecting the interaction of the patient with their 
medication [17]. The importance of these external factors (e.g. social and environ-
mental factors, or triggers to act such as reminders) is also described in other behav-
iour change models, such as in the Fogg Behaviour Model which identifies external 
triggers as an impetus for action [29], and Michie et al.’s COM-B conceptual frame-
work for determinants of behaviour [30], which describes capability, opportunity 
and motivation as components which act together to affect behaviour.

Adherence is therefore best understood as a complex behaviour with multiple 
determinants—both internal and external (see Fig.  10.2 for a summary). These 

Opportunity

Perceptual factors
Practical factors

Social and environment factors

Intentional 
non-adherence

Motivation

Unintentional 
non-adherence

Ability: Capability / resources 

Internal and external triggers

Fig. 10.1 Figure depicting PAPA: how motivation and ability overlap with other factors to influ-
ence adherence
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factors form part of a complex interplay of determinants influencing behaviour. The 
‘internal’ factors influencing motivation and ability may be moderated by ‘external’ 
variables, such as the quality of the patient-provider relationship [31], and also be 
wider societal contexts such as funding and financial coverage of treatment [24]. 
The external factors can include whether the individual has the opportunity to 
adhere to treatment; as well as external triggers to act such as text message remind-
ers to prompt behaviour [32].

When considering how to design adherence interventions, these adherence deter-
minants can be used to help target interventions. Motivation and ability can be con-
sidered separately based on what factor or factors are driving the behaviour. For 
example, interventions to improve a patient’s ability to adhere (such as improving 
access to treatment) will fail if the patient does not want to take the medication 
(such as when the patient decides they do not need medication). Understanding 
what drives a patient’s decision to take, or not take, a treatment is key to addressing 
non-adherence. The following sections explore these two drivers of non- adherence—
perceptions and practicalities—in greater detail.

10.3.3.1  Perceptions: Understanding How Beliefs About Necessity 
and Concerns About Medication Influence Decisions 
about Treatment

When a person starts a new medication, they will begin to form their own beliefs 
and attitudes towards the treatment based on their initial and subsequent evaluation 
of the medication. This thinking process is captured by the Necessity-Concerns 
Framework [33]. The framework suggests that the motivation to start and persist 
with treatment is influenced by the way the individual judges their personal need for 
the treatment relative to their concerns about potential adverse effects. Analysis of 
514 patients on antihypertensives found those who believed in the necessity of the 
treatment had triple the odds of adhering than those who did not [25]. Similarly, 
adherence is also affected by concerns about adverse effects—a phenomenon which 
may account for the differences in adherence rates with different antihypertensive 
classes [34, 35]. Diuretics, for example, are commonly associated with poorer 
adherence rates compared to newer agents such as angiotensin II receptor antago-
nists, which may have a better perceived side effect profiles [35]. Other studies that 
investigated patients with a range of other conditions have consistently found simi-
lar results—that poor adherence is related to doubts about personal need for medi-
cation and concerns about potential side effects [36].

Treatment Necessity Beliefs
Beliefs about the importance and necessity of medicines can have a significant 
impact on adherence. Qualitative studies show that many people hold prototypic 
beliefs about medicines, and their capacity to produce harm as well as benefit, and 
beliefs about the appropriateness of doctors’ prescribing of medication [33]. These 
beliefs exist even before a person takes the medication. When a person is first pre-
sented with a new diagnosis, or health ‘threat’, the first thing they will try to do is to 
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make sense of the situation, based on the thoughts they had about condition even 
before they were diagnosed. These thoughts will then influence how information is 
interpreted by patients, what their experiences are, and how they act as a result of 
this information [17, 37]. A qualitative synthesis of studies into the lay perspectives 
of hypertension found that many people believe hypertension is caused by stress, 
and as such regular treatment is not needed if the stress abates or they are able to 
reduce their stress [24, 38].

Likewise, it is intuitive that medicines should only be taken when we are feeling 
ill. After all, for many patients, the ‘no symptoms, no medication’ concept will be 
much more familiar than needing to take medication when they do not perceive 
themselves to be unwell. This is illustrated in the difference in adherence rates seen 
between medications prescribed for primary versus secondary prevention. 
Adherence to medicines for cardiovascular protection averages 50% when used in 
primary prevention; this increases to an average of 66% in secondary prevention [5]. 
This difference can be explained by how the individual makes sense of the need to 
take regular medication—it makes ‘sense’ for an individual to be on treatment after 
having a cardiac event, but perhaps less so for prevention. Adherence for secondary 
prevention purposes would thus be expected to be higher as the individual is able to 
make sense of the need for treatment [5].

Patients who believe in the necessity of treatment have a much higher chance of 
adhering to treatment compared to those patients who did not perceive treatment as 
necessary [25]. This appears to be particularly problematic for cardiovascular medi-
cation as many perceive a limited necessity for medicines, and believe there is a 
clear link between the condition and lifestyle choices [26, 39] compared to other 
health conditions such as diabetes and thus do not see regular treatment as neces-
sary. These beliefs make patients particularly resistant to having additional medica-
tions for cardiovascular medication, and fuel the belief that health professionals 
tend to overprescribe medicines [26].

Perceived necessity of treatment is however not related to beliefs about treatment 
efficacy. Although views about medication efficacy are likely to contribute to per-
ceived need, the two are not synonymous. For example, perceived necessity can be 
influenced by illness beliefs—a patient might believe that a treatment is effective 
but may not perceive a personal need for the treatment. For example, a patient may 
believe antihypertensives are effective for reducing blood pressure, but may not 
think their blood pressure needs treating with a medication, such as when they 
believe it is related to stress [24]. In this case, the patient does not think they need 
any pharmaceutical treatment, regardless of its perceived efficacy. Conversely, a 
patient might perceive a strong need for a treatment even though they believe it is 
only moderately effective—for example, if it is the only treatment that is available 
or acceptable to the patient. A study of beliefs about hypertension in different cul-
ture groups found that although all respondents understood the importance of con-
trolling hypertension, those of West Indian decent had lower adherence rates to 
antihypertensives as they preferred treatment with herbal remedies rather than pre-
scribed medicines [38].
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Treatment Concerns
In terms of perceived concerns, there is much overlap in the type of concerns that 
patients report about medicines, regardless of the medication type. Many patients 
receiving regular medication who have not experienced adverse effects worry about 
possible problems in the future—a view that may be related to beliefs that regular 
medication use can lead to dependence or accumulation within the body and corre-
sponding long-term effects [33]. For example, a common concern people have 
about antihypertensive medication relates to side effects and fear of addiction [24]. 
These attitudes are linked to wider concerns about scientific medicine in general, a 
lack of trust in doctors and an increasing interest in alternative or complementary 
healthcare [33, 38]. People also seem to vary in their perceptions of personal sensi-
tivity to medicines [40], with some being more concerned than others about their 
response to medication.

The way that people perceive medication in general can influence how people 
evaluate specific medication prescribed for a particular condition [33]. These beliefs 
can affect a person’s initial expectations of the outcome of taking a medication as 
well as how any subsequent events are interpreted—for example, whether symp-
toms experienced are attributed to the illness or the medication [41]. These beliefs 
may even influence clinical outcome directly via the ‘placebo/nocebo’ effects of 
active drugs—terms describing the phenomenon of having beneficial or harmful 
effects occur when people have positive or negative expectations about the medica-
tion, respectively [42]. Beliefs can also be specific for a particular medication—
such as when adherence to certain antihypertensive medications are higher for 
particular classes [35].

Concerns also relate to the meaning that being on regular medication has for the 
individual and their sense of self or identity. Taking a daily treatment may be an 
unwelcome reminder of their illness which may have a negative impact on how they 
view themselves or perceive how they are seen by others. A study into beliefs about 
hypertension in 19 African American males showed that having hypertension was 
viewed by some as being “weak” or “not macho” and that it is seen as a “basically 
a Black disease”—ideas which can add to negativity and stigma [43]. In these cir-
cumstances, non-adherence might be seen as an implicit strategy to minimise the 
impact on their sense of self [43]. These necessity beliefs and concerns can influ-
ence adherence separately and in combination, and the effects may be through 
explicit and implicit processes. For example, in some situations, non-adherence 
could be part of a deliberate strategy to minimise harm by taking less medication. 
Alternatively, it might simply reflect the fact that patients who do not perceive their 
medication to be important are more likely to forget to take it. The impact of percep-
tions of treatment on adherence may also influenced by beliefs about adherence 
behaviour itself, such as whether or not strict adherence to medication is needed to 
achieve the desired outcome. This is seen when patients decide to take ‘drug holi-
days’, where they believe they can go without medication for a certain period of 
time [43].
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Common Sense Understanding of Illness and Treatment
Adherence in hypertension and cardiovascular is traditionally difficult to achieve. 
Whilst non-adherence is a problem that is common to all health conditions where 
regular preventative treatment needs to be taken, medicines prescribed for hyperten-
sion or cardiovascular protection pose unique challenges. Qualitative research into 
patient perceived barriers to adherence provides us with some clues as to why 
adherence in this group of conditions may be particularly difficult. Firstly, hyperten-
sion and cardiovascular disease are predominantly silent conditions—people tend to 
feel well most of the time and may have limited experience of co-morbidities or 
medication when they are first informed of hypertension or cardiovascular risk [44, 
45]. Surveys of patients on antihypertensive agents have found that fear of adverse 
effects is a significant barrier to adherence, particularly amongst those who are 
young or in the early stages of treatment [24, 45]. Indeed, patients who were on 
multiple drug treatments, or have other co-morbidities such as diabetes or dyslipi-
daemia, were more likely to adhere to their antihypertensive treatments compared to 
their counterparts who did not have other treatments or cardiovascular co- morbidities 
[10]. Likewise, patients who have pre-existing hypertension, or a history of cardiac 
disease and are prescribed medication for secondary prevention, have higher adher-
ence rates compared to patients who are newly prescribed treatment, or do not have 
a history of a cardiac event [5, 46].

Secondly, it is difficult for the patient to perceive any immediate benefits or dif-
ferences from taking the medication. Although there is plenty of evidence highlight-
ing the clinical benefits of medication taking for cardiovascular protection, it is 
difficult for the patient to detect these benefits on an individual subjective scale. 
Furthermore, there are no immediate physical consequences or symptoms that arise 
from missing doses—even if doses are missed for a prolonged period—thus further 
reinforcing the notion that the medication does very little for improving health [24]. 
Conversely, even though there are no perceivable benefits of treatment, the patient 
may suffer from adverse effects when they start the medication—an occurrence 
which is likely to further deter patients from taking their medication. There is a link 
between reported side effects and lowered treatment adherence—in a study of 175 
patients on antihypertensive treatment, those individuals who reported a high num-
ber of side effects beyond the median value in the group had lower adherence; those 
who reported genitourinary side effects such as excessive urination or reduced sex-
ual drive were least likely to adhere to treatment [47]. These quantitative findings 
are supported by qualitative research identifying side effects—in particular urinary 
frequency and impotence—as reasons for non-adherence [24].

Lastly, hypertension and cardiovascular disease tend to be perceived by people 
as self-manageable conditions, conditions which can be easily managed by the indi-
vidual themselves, such as by reducing stress for example [24]. The role of medica-
tion is thus perceived to be of limited value, as many individuals link lifestyle factors 
with hypertension and cardiovascular disease, and thus believe that if their lifestyle 
improved, their need for these medicines would be reduced [26].
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It can therefore be very difficult to convince a patient of their need for treatment 
and the potential benefits they can gain from taking treatment regularly. Indeed, 
there can be little impetus for patients to begin taking a new treatment for a condi-
tion from which they do not suffer any ill effects. Even if patients do begin to take 
the treatment, the likelihood of continuing this medication everyday lifelong is very 
low—a fact which is reflected in the high rates of discontinuation—persistence with 
medication drops within the first 6 months of starting antihypertensive or cardiovas-
cular protection treatment, and continues to decline over time, with less than half of 
the individuals persisting after 2 years [3, 7, 44]. Studies report reductions in adher-
ence to antihypertensives by 20-30% over a period of 1–3 years after starting medi-
cation [46, 48], with similar trends seen for other cardiovascular protection agents 
such as statins and aspirin [5, 7]. Given the increasingly prevalence of cardiovascu-
lar diseases, and the great potential of these preventative medicines to improve out-
comes and extend life, there is a need to focus on improving adherence to these 
treatments and maximise the efficacy of treatments.

10.3.3.2  Practicalities: Enhancing Capability, Opportunity 
and Triggers to Adhere

The other key factor influencing adherence are practical barriers—factors that 
determine a patient’s ability to adhere. Forgetting to take the medication is the most 
commonly cited practical barrier for non-adherence [39]. This may be due to the 
complexity of regimes associated with cardiovascular diseases as well as a lack of 
routine and erratic lifestyle. Regimens with a high dosing frequency, or high num-
ber of medication or complicated instructions for medication taking tend to be 
associated with poorer adherence [34, 35]. Reducing dosing frequency to once 
daily can improve the patient’s ability to adhere by making the treatment less intru-
sive and more convenient [34, 49]. Simplifying the regimen by using fixed dose 
combination agents or reducing unnecessary polypharmacy can also facilitate 
adherence [10].

Reminder systems or medication organisers such as pill boxes may be useful 
though reported effects are typically modest [50]. Linking the medication taking to 
specific environmental cues may be more effective than a repeated reminder to help 
reinforce habits and routine [51]. For example, placing the medication near the 
toothbrush so that taking the medication becomes linked to an existing habit may be 
useful. This involves planning with the patient how and when they can take their 
medication. Turning a patient’s intention to take medication (e.g. ‘I will take my 
medicine’) into a more specific plan (e.g. ‘I will take my medicine immediately 
after I brush my teeth every morning’) increases the likelihood of the behaviour 
being performed [51], though routines can be susceptible to changes in the environ-
ment such as going on holiday [52].

Strategies to improve adherence by changing formulation or dosing are however 
only effective if perceptual barriers to adherence have been addressed [17]. 
Involving patients in treatment decisions is therefore important to achieve ongoing 
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adherence [53]. To achieve adherence, the clinician must therefore aim to elicit the 
patient’s perspective about treatment—including their beliefs and concerns—and 
ensure that decisions about treatment are informed by fact rather than mispercep-
tions [54]. Offering a medication choice can be an effective method of involving the 
patient in prescribing decisions—even as simple as involving the patient in choice 
of dosage form may be a helpful way of helping the patient feel cared for and 
involved [43]. Medication cost and access to health services and medication may be 
other factors to consider when addressing practical barriers to adherence [39, 49].

10.4  Assessing Non-adherence

Measuring non-adherence is a complex issue. Whilst the easiest and most accessible 
method of assessing adherence is simply to ask the patient, it comes with the caveat 
that the reported adherence is likely to be much higher than what the true adherence 
might be [55]. For example, a meta-analysis found that average adherence to medi-
cines used for cardiovascular protection was estimated to be 90% in studies which 
used self-reported measures of adherence, whereas studies using prescription refills 
to measure adherence reported average adherence to be 57% [5]. This phenomenon 
has been described extensively in the literature (Self report bias) and can be 
explained by ‘social desirability bias’—where the patient wishes to ‘please’ the 
health provider by exhibiting themselves in a more positive light when reporting 
their treatment adherence.

The use of more accurate objective measures however, such as using high perfor-
mance liquid chromatography-tandem mass spectrometry-based analysis of urine/
serum or electronic adherence monitoring, have their own shortcomings. Urine 
analysis may be viewed as intrusive or inconvenient by the patient and electronic 
adherence monitoring—where each dose taken is monitored electronically using a 
special monitored vial—is expensive and may be ill-perceived by patients as ‘big- 
brother’ monitoring [55].

There is therefore the need to encourage patients to actively and accurately dis-
cuss adherence with the clinician. The negativity surrounding medication non- 
adherence needs to be removed to encourage honest, non-judgemental 
communication between the patient and healthcare provider [18]. In clinical prac-
tice, ‘detoxifying’ non-adherence and allowing sufficient time in the consultation to 
discuss barriers to treatment are necessary first steps to improve the assessment of 
adherence [18, 53]. This may be facilitated by opening up discussions about adher-
ence in a non-judgemental way and explaining the reasons for the discussion. It is 
helpful to focus the discussions on a specific time period such as “in the past week” 
and asking about specific medication-taking behaviours such as skipping or chang-
ing the dose, or stopping medication [18]. Patients should be encouraged to freely 
discuss their adherence behaviours and barriers in clinical practice such that the 
need for objective adherence measurement becomes less of an issue.
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10.5  Using PAPA in Practice to Achieve Informed Adherence

10.5.1  A Stepped Approach to Improving Adherence 
and Tailoring Support to Individual Need

PAPA provides a pragmatic framework to adherence support. This approach can be 
used in any consultation about treatment. The first step to this is to aim for ‘easy 
wins’ by targeting the adherence barriers that can be addressed using minimal 
resources (Fig. 10.3). This can then be stepped up to address perceptual barriers, 
specifically targeting motivation, before finally delivering ‘tailored PAPA’ accord-
ing to the individual’s unique needs.

When delivering an intervention using the PAPA approach, consider these three 
components:

 1. Communicate necessity of treatment. In hypertension and cardiovascular dis-
ease, many patients do not believe treatment is necessary as they do not feel ill 
or they think their condition can be managed by lifestyle changes rather than 
medication. Discuss with the patient what their understanding is of the condition 
and reason for medication. Explain the condition and how the medication will 
influence this, considering the aims of the treatment and what the patient them-
selves hope to achieve. Focus on how the patient may benefit from the treatment, 
considering the individual motivations the patient may have, which may not be 
directly related to the condition.

 2. Elicit and address any concerns raised about treatment. Use open-ended ques-
tions to encourage patients to discuss and ask about their condition and treatment. 

Increasing programme
efficacy & value

Level 3 TAILORED PAPA

PERCEPTIONS

MOTIVATION

PRACTICALITIES

ABILITY

Support tailored to address individual
perceptions and practicalities

Take account of key beliefs influencing

Simplify regimen
packaging
Monitoring
Text reminders

Level 2

Level 1

Fig. 10.3 A stepped approach of intervention development according to resource availability. (1) 
Home R. Project ongoing. (2) Alhalaiqa F, et al. J Hum Hypertens, 2012;26:117–26. (3) Farmer 
AJ, et al. Diabet Med. 2016;33:565–79 (Adapted from Horne R, Guide to adherence, Behavioural 
Pharmacy Programme 2016, UCL School of Pharmacy)
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Find out what the patient knows, believes, and understands about their treatment 
before starting or changing a medicine. Often these concerns centre on side effects 
of frequent urination or sexual dysfunction, as well as fears of addiction [24]. 
Discuss and agree a plan of action to manage these concerns with the patient.

 3. Minimise any practical barriers to adherence. It is helpful to discuss how the 
patient will fit the medication into their daily routine and remember to take the 
medication. Identify any barriers and agree a plan of action with the patient.

This approach ensures that both the perceptual barriers (necessity/concern 
beliefs) and practical barriers are addressed. Previous interventions have had lim-
ited effects partly because they have either not addressed all these factors or the 
intervention has not been individualised to the patient. Many have focussed on sin-
gle causal factors whereas adherence is best seen as a complex health behaviour 
with multiple determinants both internal and external (see Fig. 10.2 for a summary). 
By using this approach, interventions can be tailored to the individual whilst achiev-
ing informed adherence.

10.5.2  Providing an Environment for Informed Adherence

Shared decision-marking with the patient and informed choice should be a key facet 
of clinical practice and adherence. For interventions to be effective, equitable, and 
efficient, one must facilitate informed choice [17]. Adherence is dependent on a col-
laborative relationship between the patient and healthcare provider [18]. Key to this 
is the need to facilitate an honest and open discussion. The discussion should aim to 
normalise non-adherence and allow patients to report non-adherence and express 
doubts and concerns. This allows assessment of adherence in a non-judgemental 
way. Effective communication is important. Factors such as mental state, health 
literacy, language barriers, or visual or hearing impairment may need to be consid-
ered to ensure effective communication.

A patient can be considered to have made an informed choice if they can demon-
strate knowledge of relevant information about the treatment and then act according 
to their beliefs. This concept of informed choice has been extended to informed 
adherence [56], where evidence-based medicine is used to guide initial treatment 
recommendations. The recommendations should be presented to patients in a way 
that takes account of their individual beliefs and preferences, and any incompatibili-
ties between their personal beliefs and the prevailing evidence should be resolved 
by non-judgemental discussion [37].

10.5.3  Practical Considerations in Intervention Design

When designing and implementing adherence interventions in practice, three 
dimensions of the intervention need to be optimised for success. This can be remem-
bered as the “3 components to behaviour change” or “3CBC”—content, channel 
(delivery vehicle) and context.
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10.5.3.1  Content
This is the basic substance of the intervention and how the specific barriers and 
enablers of adherence are addressed. Approaches should be tailored to address both 
the perceptual factors influencing motivation to initiate and persist with treatment, 
as well as facilitating the ability to adhere, for example, by addressing any capacity 
and resource limitations. The PAPA model described above is one method that can 
be used to ensure all aspects of adherence are addressed. As shown in Fig. 10.3 
above, the content of the intervention may start with the simplest intervention (e.g. 
medication reminders) before progressing to more complex interventions (e.g. tai-
lored advice for perceptual barriers) depending on the time and resources 
available.

10.5.3.2  Channel
Adherence support should occur, not just at the start of treatment, but also during 
treatment review as perceptions, abilities, and adherence can change. The increas-
ing use of e-technology and mobile health (such as smart phone apps) offer the 
prospect of additional channels to compliment practitioner-delivered support [57]. 
A recent systematic review of the use of mobile technologies in chronic disease 
identified a total of 13 studies which evaluated mobile adherence tools for cardio-
vascular disease. Significant improvements in clinical outcomes were reported in 
54% of the studies. These studies included use of short message service (SMS) 
enabled interactive monitoring so that the provider could set reminders for patients, 
collect data, and schedule visits for treatment adjustments. Others involved salt sen-
sors and remote blood pressure monitoring [57]. However, despite the plethora of 
technology and digital solutions available, there is as yet, little evidence for their 
efficacy. Applying the principles outlined above to develop theory-based content 
might improve their effectiveness and utility.

10.5.3.3  Context
Context considers how appropriate prescribing and adherence support is facilitated 
by wider contextual factors, such as media representations of treatment and ease of 
access to treatment. With cardiovascular disease, there are often more than one pre-
scriber involved in the follow-up and prescribing of treatment (e.g. cardiologists and 
general physicians) which adds to complexities for the patient for managing their 
treatment. Choudry et  al. showed that the more pharmacies and prescribers that 
were involved in managing treatment, the poorer adherence was to cardiovascular 
medication [49]. Use of streamlined care and integration of services can help sup-
port adherence and facilitate the accessibility of medicines to patients.

 Conclusions
Medication non-adherence remains a significant problem today despite decades 
of adherence intervention research. This non-adherence represents a missed 
opportunity for health gain, leading to increased risks of morbidity, mortality, 
and healthcare costs. There is a need for more effective interventions. Recent 
research recognises the importance of approaching adherence from the 

A. Chan and R. Horne



139

individual’s perspective and tailoring the intervention to the unique adherence 
barriers faced by the individual. For non-adherence to be addressed, future adher-
ence interventions should be designed such that an individual’s motivation and 
ability are taken into account. The use of a perception and practicalities approach 
to intervention design is one way that can help ensure that the perceptual and 
practical barriers of the individual are addressed in a tailored and pragmatic man-
ner. By encouraging honest non-judgemental discussions and bringing adher-
ence to the forefront of healthcare, we will be one step closer to tackling this 
issue of non-adherence. Only then can we fully realise the true benefits of the 
repertoire of available treatments.
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11.1  Introduction

Evidence based medicine (EBM) represents the integration of clinical expertise, 
patient’s values, and best available scientific evidence in process of decision making 
related to patients health care [1]. According to modern standards, the practice of 
medicine should be based essentially on this concept of EBM. Today, clinical evi-
dence are ranked according to the strength of their freedom from the various biases 
that characterized medical research. Thus, the highest levels of evidence are those 
obtained by meta-analyses of several randomized controlled trials (RCT) or evi-
dence obtained from only one RCT. Randomized control trials are supposed to pro-
vide the best scientific evidence because they are following a strict protocol, which 
removes biologic and measurement variability, as well as observer and selection 
bias. Thus, patients are blindly randomized and both patients and physicians are 
unaware of the treatment allocation; there is an adequate control group and primary 
and secondary clinical endpoints, as well as the statistical plan, are well- defined 
before the study. Moreover, these trials are generally conducted by motivated physi-
cians and highly selected patients ensuring that all procedures are strictly followed. 
At last, the quality of the follow-up and the number of visits is higher than in normal 
clinical practice. Therefore, participation in a clinical trial significantly increases 
adherence to both trial-related and non-trial-related treatments because participants 
are more involved with their conditions and treatments [2]. This is probably the 
reason why even patients receiving a placebo tend to improve during their participa-
tion in a trial [3] and have a reduced mortality [4].
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In randomized clinical trials assessing the efficacy or benefits of a new drug 
treatment or treatment strategy, it is generally assumed that patients follow strictly 
the recommendations on how and when to take their medications. Hence, investiga-
tors and statisticians consider that drug adherence is almost perfect and since sub-
jects are randomized, any percentage of poor medication adherence should have 
only a minor impact on RCTs’ results because it should be the same in the two 
groups. Others argued that the pattern of compliance in ‘intention to treat’ analyses 
reflects compliance in everyday practice. Therefore, adherence as a factor affecting 
outcome can be disregarded.

But is it really the case? Is drug adherence really so much better in clinical trials? 
The purpose of this chapter is to review the data available and to discuss important 
questions raised by non-adherence in clinical trials. One important aspect is how 
poor medication adherence can actually affect the level of evidence gathered in 
RCT in terms of efficacy and safety.

11.2  Medication Adherence in Early and Late Phases of Drug 
Development

The importance of a good adherence in long-term therapies is widely recognized by 
all healthcare providers. But, as mentioned by A. Breckenridge and colleagues in a 
recent review [5], “variable adherence can also have serious consequences in clini-
cal trials conducted in an ambulatory setting, resulting in confusion in their inter-
pretation and sabotage of accurate estimates of benefit and harms.”

During clinical drug development, several deviations from the prescribed dosing 
regimens can occur and remain unrecognized if not measured adequately such as a 
delayed onset, underdosing, intermittent complete lapses, and non-persistence. The 
level of adherence to study medications varies according to development phase as 
illustrated in Fig. 11.1 [6]. In phase 1 studies, drug delivery is under strict control and 
medications are generally administered in centers. Hence, there is no real concern 
about adherence. The situation changes as soon as study drugs are given ambulatory 
(phases 2 and 3); then, all issues described above may occur leading to suboptimal 
adherence and hence to a misinterpretation of collected data. The analysis of a cohort 
of 16,907 patients with different medical conditions enrolled in 95 clinical studies 
has clearly demonstrated that the number of patients taking the prescribed study 
medication(s) decreased progressively during the study so that at day 100, about 20% 
of patients had discontinued treatment and 12% of those still engaged with the dos-
ing regimen were omitting a fraction of the prescribed doses [6, 7].

The recognition of problems associated with adherence in RCT depends enor-
mously on the quality of the method used to monitor drug adherence during the trial. 
In the past, Pullar et al. had already summarized the various methods used to moni-
tor adherence in clinical trials and described their limitations [8]. These latter remain 
basically the same as those encountered today in clinical practice and described in 
other chapters of this book. As mentioned previously, the most frequent method 
used in RCT is the pill count and refills records. However, it is well known that these 
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two approaches tend to overestimate medication adherence. In addition, these mea-
surements do not provide any information on the dosing history and what patients 
actually do with their medications. Interestingly, even when measured, authors 
rarely specify how lack of adherence is dealt with in the handling and interpretation 
of the data on efficacy and safety.

In recent years, many trials in various therapeutic areas, such as HIV therapy, 
have been conducted using the MEMS (Medication Events Monitoring System) 
device alone or in combination with drug measurements. These approaches provide 
more useful information on how medications were handled by the patients even 
though the former does not ascertain drug intake. More importantly, data collected 
with the MEMS enable to perform statistical analyses based on objective measure-
ments of the number of openings or non-openings of the pill box, and to include 
these analyses in the statistical plan. In the last 20 years, a large experience has been 
accumulating with the use of the MEMS in clinical trials and the results of more 
than 700 studies with electronic monitoring of adherence in almost all types of dis-
eases can be found on the following website http://www.medamigo.com/news (veri-
fied November 16, 2017). Drug measurements in plasma or urine have now become 
popular even in clinical trials. However, in order to be interpreted correctly it is 
important to know the pharmacokinetic characteristics of the measured compound.

Today there is no clear data on the mean percentage of non-adherence in large 
clinical trials. In a literature review of 192 studies in which pill count was used 
predominantly to assess adherence, drug adherence was reported to be around 93% 
[9]. However, from individual datasets one can estimate that poor and/or non- 
adherence to medication could affect more than 50% of patients enrolled in trials, 
the percentage increasing with the duration of the trial. [10, 11] As an example, in 
the EVOLVE trial, a global, multi-center, placebo-controlled, double-blind, event-
driven trial (N  =  3883) designed to assess the risks and benefits of cinacalcet 
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Fig. 11.1 Relationship between outcomes and drug development phases according to the level of 
adherence to drug therapy (Permission has been obtained from the Journal) (From ref. [6])

11 Impact of Drug Adherence in Clinical Trials

http://www.medamigo.com/news


148

compared with placebo along with conventional, standard-of-care therapies, on a 
composite endpoint consisting of all-cause mortality and major cardiovascular 
events in patients receiving hemodialysis with moderate to severe secondary hyper-
parathyroidism, 67% of patients discontinued cinacalcet during the study and 71% 
stopped the placebo being often switched to commercially available cinacalcet [11]. 
As we know today, these impressive figures have biased completely the interpreta-
tion of the results of EVOLVE. Of note, large discrepancies between pill count and 
plasma drug levels in clinical studies have been reported suggesting that the actual 
figures of non-adherence may be much higher than believed [10, 12].

11.3  What Are the Consequences of Non-adherence  
in Clinical Trials?

As reviewed recently by Breckenridge et al. [5], poor adherence in clinical trials has 
several major impacts among which a failure to demonstrate efficacy, underestima-
tion of the drug efficacy, and underestimation of safety concerns.

The failure to demonstrate efficacy is perfectly illustrated by the EVOLVE trial 
and the study of tenofovir as a prophylaxis of HIV infections. Both are excellent 
examples of apparently negative trials in which statistical analyses were completely 
biased by a high percentage of non-adherence [10, 11]. Actually, in the case of 
EVOLVE, performing other statistical analyses than the intention to treat analysis, 
taking into account the adherence issues could have provided different conclusions 
and could have demonstrated cardiovascular benefits of cinacalcet [13]. In the end, 
in both trials, millions of dollars were spent to obtain no clear answers to two impor-
tant clinical questions.

Underestimation of the real efficacy of drugs and treatment strategies is probably 
a much more common consequence of a lack of adherence in trials. One example is 
the re-analysis [14] of the data published by Bobrie et al. [15] who conducted a 
randomized controlled study in which sequential nephron blockade (SNB) using 
different diuretics was compared with a sequential blockade of the renin–angioten-
sin system (RAS) in patients with resistant hypertension. According to the initial 
analysis, at week 12, the mean between-group difference in daytime ambulatory 
blood pressure (BP) was 10/4 mmHg in favor of the SNB. The BP goal was achieved 
in 58% of patients with the combination of diuretics and only 20% with the inten-
sive RAS blockade. In a re-analysis of the data, taking into account drug adherence 
measured with three different methods, results showed that 64% of patients of the 
SNB group reached the BP target and the difference between the SNB and the 
sequential RAS blockade was significant only in those patients who were adherent 
to the therapy. Of note, in studies comparing drugs, intermittent adherence will of 
course favor the effect of long-acting drugs and hence will create a bias supporting 
drugs with long half-lives.

An “a contrario” example is the inability of the SIMPLICITY-HTN3 trial [16] 
to demonstrate the superiority of renal denervation over a sham intervention in 
patients with resistant hypertension because of a significant decrease in BP in the 
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control group after sham denervation. This latter can only be explained by a marked 
improvement of drug adherence during the study due to the involvement of the 
patients in the trial. Unfortunately, drug adherence was not measured in this trial.

Underestimation of safety concerns is a serious consequence of non-adherence in 
trials. The impact of non-adherence can underestimate as well as overestimate the 
side effects of a drug. Indeed, transient interruption of drug therapy or a complete 
cessation will decrease the time of exposure and hence reduce the likelihood of a 
side effect. It is important to note that investigators do not always know whether the 
patient just forgot the medication or voluntarily stopped because of drug intoler-
ance. Reducing the dose or not following the prescription schedule may also blunt 
the occurrence of side effects. On the other end, stopping and restarting drug ther-
apy might increase the incidence of side effects if the investigational drug induces a 
withdrawal syndrome or has a strong first dose effect.

As reviewed by Simpson et al. [4], a good adherence is generally associated 
with a lower mortality in trials (odds ratio 0.56, 95% confidence interval 0.50–
0.63). As mentioned earlier, a good adherence to placebo is even associated with a 
lower mortality (OR 0.56, 95% CI 0.43–0.74), as is good adherence to beneficial 
drug therapies (OR 0.55, 95% CI 0.49–0.62). However, one must mention that in 
rare cases, non-adherence to a harmful drug has actually protected patients partici-
pating in a trial from dying. This was the case during the investigation of anti-
arrhythmic drugs [15]. This clearly indicates that the impact of drug adherence on 
the incidence of minor or major side effects depends primarily on the quality of the 
drug under investigation.

Taken together, these observations suggest that drugs on the market are probably 
much more effective than we think, and that in clinical practice, the true efficacy of 
many drugs or treatment approaches is just diluted by the poor adherence pattern of 
some patients during the trials. Nevertheless for registration purposes, it would 
appear crucial to know what drugs are truly doing in terms of efficacy and safety, 
when they are taken correctly.

11.4  What Should Be Done to Improve the Actual Situation 
and to Integrate Adherence in Clinical Trials?

Today, adherence to therapy is still retaining little attention among trialists design-
ing RCT. More attention remains focused on drop-out rates and pill count. Even 
when data on adherence are available, they are often handled inappropriately.

In order to further improve the quality of RCT and hence to strengthen the evi-
dence gathered with these trials authors should:

 (a) Implement at least one reliable method of measuring drug adherence, which 
enables to obtain a dosing history in the trial and consider the eventual limita-
tions of the method.

 (b) Present adherence data in all RCT with a distribution of the percentages of 
adherence in the various patients groups.
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 (c) Provide a clear definition of what they consider as inadequate adherence in the 
protocol.

 (d) State in the protocol how data from patients who fulfill the criteria of inade-
quate compliance will be handled in the analysis of results.

 (e) Provide a statistical plan including a percentage of non-adherence and drop- 
outs in the calculation of the power of the study.

Adding these important aspects in RCT will certainly contribute to improve their 
quality and the level of the evidence obtained from these studies before transferring 
the information into clinical practice. In addition, not overlooking one of the critical 
elements that affects the variability might have a huge impact on the cost of 
RCT.  Indeed, non-adherence in clinical trials leads to enrolling more patients to 
reach endpoints, increases the study timeline and thus enhances operational costs. 
New technologies discussed in this book are being developed which will help orga-
nizers of clinical trials to obtain such information.

In conclusion, one can only cite the title of the paper written by Czobor and 
Skolnick [12],

“The secrets of a successful clinical trial: compliance, compliance, and compliance”

References

 1. Masic I, Miokovic M, Muhamedagic B. Evidence based medicine—new approaches and chal-
lenges. Acta Inform Med. 2008;16(4):219–25.

 2. van Onzenoort HA, Menger FE, Neef C, et al. Participation in a clinical trial enhances adherence 
and persistence to treatment: a retrospective cohort study. Hypertension. 2011;58(4):573–8.

 3. Granger BB, Swedberg K, Ekman I, et al. Adherence to candesartan and placebo and outcomes 
in chronic heart failure in the CHARM programme: double-blind, randomised, controlled clin-
ical trial. Lancet. 2005;366(9502):2005–11.

 4. Simpson SH, Eurich DT, Majumdar SR, et  al. A meta-analysis of the association between 
adherence to drug therapy and mortality. BMJ. 2006;333(7557):15.

 5. Breckenridge A, Aronson JK, Blaschke TF, Hartman D, Peck CC, Vrijens B.  Poor medi-
cation adherence in clinical trials: consequences and solutions. Nat Rev Drug Discov. 
2017;16(3):149–50.

 6. Blaschke TF, Osterberg L, Vrijens B, Urquhart J. Adherence to medications: insights arising 
from studies on the unreliable link between prescribed and actual drug dosing histories. Annu 
Rev Pharmacol Toxicol. 2012;52:275–301.

 7. Vrijens B, Vincze G, Kristanto P, Urquhart J, Burnier M. Adherence to prescribed antihyper-
tensive drug treatments: longitudinal study of electronically compiled dosing histories. BMJ. 
2008;336(7653):1114–7.

 8. Pullar T, Kumar S, Feely M. Compliance in clinical trials. Ann Rheum Dis. 1989;48(10):871–5.
 9. Gossec L, Tubach F, Dougados M, Ravaud P. Reporting of adherence to medication in recent 

randomized controlled trials of 6 chronic diseases: a systematic literature review. Am J Med 
Sci. 2007;334(4):248–54.

 10. Marrazzo JM, Ramjee G, Richardson BA, et al. Tenofovir-based preexposure prophylaxis for 
HIV infection among African women. N Engl J Med. 2015;372(6):509–18.

M. Burnier



151

 11. Investigators ET, Chertow GM, Block GA, et al. Effect of cinacalcet on cardiovascular disease 
in patients undergoing dialysis. N Engl J Med. 2012;367(26):2482–94.

 12. Czobor P, Skolnick P. The secrets of a successful clinical trial: compliance, compliance, and 
compliance. Mol Interv. 2011;11(2):107–10.

 13. Kubo Y, Sterling LR, Parfrey PS, et al. Assessing the treatment effect in a randomized con-
trolled trial with extensive non-adherence: the EVOLVE trial. Pharm Stat. 2015;14(4):368.

 14. Beaussier H, Boutouyrie P, Bobrie G, et al. True antihypertensive efficacy of sequential neph-
ron blockade in patients with resistant hypertension and confirmed medication adherence. J 
Hypertens. 2015;33(12):2526–33.

 15. Bobrie G, Frank M, Azizi M, et  al. Sequential nephron blockade versus sequential renin- 
angiotensin system blockade in resistant hypertension: a prospective, randomized, open 
blinded endpoint study. J Hypertens. 2012;30(8):1656–64.

 16. Bhatt DL, Kandzari DE, O'Neill WW, et al. A controlled trial of renal denervation for resistant 
hypertension. N Engl J Med. 2014;370(15):1393–401.

11 Impact of Drug Adherence in Clinical Trials



153© Springer International Publishing AG, part of Springer Nature 2018
M. Burnier (ed.), Drug Adherence in Hypertension and Cardiovascular 
Protection, Updates in Hypertension and Cardiovascular Protection, 
https://doi.org/10.1007/978-3-319-76593-8_12

I. M. Kronish, M.D., M.P.H. (*) · N. Moise, M.D., M.S. 
Center for Behavioral Cardiovascular Health, Columbia University Medical Center,  
New York, NY, USA
e-mail: ik2293@columbia.edu; ik2293@cumc.columbia.edu; nm2562@cumc.columbia.edu

12The Impact of Antihypertensive Drugs 
on Adherence

Ian M. Kronish and Nathalie Moise

12.1  Introduction

In the first half of the twentieth century, experts debated whether hypertension rep-
resented a true cardiovascular risk factor that required treatment or was simply a 
benign component of aging [1]. At the time, there were few evidence-based treat-
ments for hypertension. For those with malignant hypertension, the only proven 
treatment was a sympathectomy, an invasive procedure with high potential for sur-
gical complications and postoperative adverse effects including hypotension [2]. In 
the 1950s, the first new generation of antihypertensive drugs with proven blood 
pressure lowering effects was discovered. These included phenoxybenzamine, a 
sympathetic nerve blocker, hexamethonium, a ganglion blocker, and guanethidine, 
a peripheral adrenergic inhibitor. These early drug classes effectively reduced blood 
pressure, but produced substantial side effects, most notably orthostatic hypoten-
sion and syncope. The next major advance was the discovery of reserpine, the active 
alkaloid in the plant Rauwolfia serpentina. Reserpine lowers blood pressure by pre-
venting the release of catecholamines by peripheral sympathetic nervous system 
neurons [3]. However, this medication also produced potentially serious patient 
reported side effects including fatigue, insomnia, depression, Parkinson’s-like 
symptoms as well as hypotension and bradycardia [3]. The 1950s also saw the dis-
covery of hydralazine, a vasodilator that effectively reduces blood pressure but 
whose use has been limited by its short half-life, requiring multiple doses per day, 
and symptomatic side effects such as headaches and palpitations. Not surprisingly, 
adherence to these early antihypertensive medications was poor.
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The modern era of antihypertensive medications was heralded by the discovery 
of the thiazide diuretic chlorothiazide in 1957. Since then, there has been a remark-
able increase in the number of medications that are considered safe and well toler-
ated in the treatment of hypertension. Overall, there are currently 14 classes of 
antihypertensive medications, covered by approximately 100 distinct medications, 
some of which represent combinations of drug classes (Table 12.1). The expansion 

Table 12.1 Antihypertensive drug classes and mechanism of action

Antihypertensive 
drug class Mechanism of action Example
Thiazide or thiazide- 
like diuretics

Promote endothelial or vascular smooth muscle- 
mediated vasodilation, decreased sodium 
reabsorption, and decreased extracellular volume

Chlorthalidone

Potassium-sparing 
diuretics

Interfere with sodium-potassium exchange at the 
distal convoluted tubule of the kidney

Amiloride/
triamterene

Aldosterone 
antagonists

Compete with aldosterone receptor sites thus 
blocking sodium/water retention by the renal tubules

Spironolactone

Loop diuretics Inhibit reabsorption of sodium and chloride by renal 
tubules

Furosemide

Beta-blockers Block beta receptors in the heart and peripheral 
circulatory system which leads to decrease in cardiac 
output, renin release, sympathetic nervous systemic 
activity; intraclass differences are determined by 
lipid/water solubility, cardio-selectivity, and 
vasodilatory properties

Metoprolol

Angiotensive 
converting enzyme 
inhibitors (ACEI)

Inhibit angiotensin converting enzyme conversion of 
angiotensin I to angiotensin II, a potent 
vasoconstrictor that also stimulates the release of 
aldosterone, a promoter of sodium retention

Lisinopril

Angiotensin II 
receptor blockers 
(ARBs)

Blocks angiotensin II receptor, and thus prevents the 
action of angiotensin II, a potent vasoconstrictor that 
stimulates the release of aldosterone

Losartan

Direct renin inhibitors 
(DRI)

Decrease renin activity and inhibit conversion of 
angiotensinogen to angiotensin I, thus decreasing 
angiotensin II as well

Aliskiren

Calcium channel 
blockers (CCBs)

Block influx of calcium ion into vascular smooth 
muscle and myocardium; intraclass differences result 
in differential selectivity for myocardial versus 
peripheral arterial effects

Amlodipine

Alpha-1 blockers Block postsynaptic alpha1-adrenergic receptor, which 
leads to dilation of peripheral arterioles and veins

Prazosin

Alpha-2 receptor 
agonists

Stimulate presynaptic alpha2-adrenergic receptors in 
the brain, which reduces sympathetic nervous activity

Clonidine

Combined alpha- and 
beta-receptor 
blockers

Block both alpha and beta receptors to produce 
combined effects of blocking both receptors

Carvedilol

Central agonists Stimulates inhibitory adrenoreceptors in the brain 
which reduces sympathetic nervous activity from the 
brain

Methyldopa

Peripheral adrenergic 
blockers

Depletes adrenergic amines which prevents peripheral 
smooth muscle from receiving message to 
vasoconstrict resulting instead in vasodilation

Reserpine

Vasodilators Relax blood vessels to improve blood flow Hydralazine
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of drug classes saw a concomitant evolution, predominantly led by the Joint National 
Committee, in the definition of hypertension from one based on elevated diastolic 
blood pressure to increased focus on elevated systolic blood pressure. At the same 
time, there was an accumulation of evidence demonstrating the benefits of lowering 
blood pressure to prevent cardiovascular disease [4]. The strengthened evidence for 
a relationship between treatment and cardiovascular risk reduction increased the 
importance of achieving blood pressure control, and increased the proportion of 
patients prescribed multiple antihypertensive medications chronically.

Despite the development of many well-tolerated medications, nonadherence to 
antihypertensive medications has remained high. In fact, persistence with antihy-
pertensive therapy at 4 years is estimated to be only 46% in patients with established 
hypertension and 78% in patients with newly diagnosed hypertension [5–9]. Even 
patients refilling their medications have challenges taking their medications on a 
daily basis. This has prompted a long-standing and growing interest in understand-
ing the etiology of nonadherence to antihypertensive medications. While the rea-
sons for nonadherence are multifactorial, the literature has consistently shown that 
even with the discovery of better tolerated medications, specific characteristics of 
antihypertensive medications continue to play an important role in nonadherence.

The goal of this chapter is to increase the understanding of the impact of drug 
characteristics on adherence to antihypertensive medications. We begin by broadly 
describing the mechanisms by which characteristics of antihypertensive drugs 
impact adherence. We next describe common adverse effects of specific antihyper-
tensive drugs that impact adherence, focusing on drugs from the classes recom-
mended as first line in United States and other international guidelines. We next 
review the epidemiologic literature demonstrating an association between antihy-
pertensive drug class and adherence. We conclude by suggesting approaches to pre-
venting and overcoming the potential adverse impact of antihypertensive drugs on 
adherence.

12.2  Defining and Measuring Adherence

Before describing the associations between antihypertensive drugs and adherence, 
it is important to provide a framework for defining nonadherence. Adherence is 
generally defined as the extent to which a patient follows the regimen as recom-
mended by their clinicians [5, 10]. In this chapter, we follow the taxonomy of adher-
ence behaviors recommended by Vrijens and colleagues as part of a European 
consensus building project [11]. These behaviors encompass: (1) initiation of the 
drug regimen which typically requires filling a medication at a pharmacy; (2) day- 
to- day implementation of the regimen including taking individual pills at the pre-
scribed timing and with the proper technique (e.g., with or without food); and (3) 
persistence with the regimen by obtaining medication refills. It is worth noting that 
antihypertensive drugs may exert differential effects on these adherence behaviors. 
For example, drugs with high out-of-pocket costs may have lower rates of treatment 
initiation (also known as primary nonadherence). However, once initiated, such 
drugs might be easily implemented, and thus taken regularly on a day-to-day basis. 
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Drugs with complex dosing regimens, in contrast, might have similar treatment ini-
tiation rates compared to drugs with easy once-per-day dosing, but lower day-to-day 
implementation of the regimen due to challenges following a complex regimen. 
Similarly, drugs with a higher frequency of serious adverse effects may have similar 
rates of treatment initiation as compared to better tolerated drugs, but greater pre-
mature discontinuation when adverse effects ensue.

12.3  Mechanisms by Which Antihypertensive Characteristics 
Can Impact Adherence

In this section, we provide a list of mechanisms that explain how different aspects 
of antihypertensive drugs can impact medication adherence (Table 12.2). A key con-
cept is the notion of tolerability. Tolerability refers to the degree to which adverse 
drug effects are tolerated by individuals [12]. Since the first studies demonstrated 
that tolerability of drugs was an important factor in adherence, a number of investi-
gators have posited that differences in the adverse effects of antihypertensives may 
underlie differences in adherence by drug class or in adherence between drugs 
within the same class. Side effects and other adverse drug effects greatly impact the 
tolerability of a drug. The affordability of a drug also plays a role, and hence, out- 
of- pocket costs should also be considered. Other factors described below pertain to 
dosing complexity, physical properties of drugs, and perceptions of harms and ben-
efits of individual drugs or drug classes irrespective as to whether these are con-
firmed through personal experience.

Symptomatic Side Effects: Side effects, defined here as unintended medication 
effects that occur at regular doses, are commonly experienced with antihypertensives 

Table 12.2 Antihypertensive properties and impact on adherence

Antihypertensive 
property Impact on adherence
Symptomatic side 
effects

Adverse side effects experienced by patients may increase skipped 
doses and hasten premature treatment discontinuation

Other adverse effects 
(e.g., electrolyte 
abnormalities, 
hyperglycemia)

Asymptomatic adverse drug effects may increase patient or physician 
discontinuation. The need for additional testing (e.g., blood tests for 
electrolyte monitoring) to monitor for these adverse drug effects may 
also promote nonadherence

Out-of-pocket cost High drug costs may increase primary nonadherence (i.e., failure to 
ever fill a first prescription) and refill adherence, leading patients to 
stretch the time between fills

Dosing complexity Simple, flexible dosing regimens that are once per day may have 
superior adherence compared to complex multi-dose per day 
regimens

Physical properties of 
drug

The size, shape, or color of a drug can affect medication-taking 
patterns

Perceived effectiveness Drugs that are perceived to be effective by providers or patients, 
whether due to evidence-based data, expert opinion, or marketing, 
may lead to greater adherence

I. M. Kronish and N. Moise



157

[13]. Overall, the proportion of patients who experience symptomatic side effects 
due to antihypertensives ranges from 20 to 97% [14]. Older individuals are generally 
more vulnerable to side effects due to physiological and pathological factors that 
impact how the body handles a drug [12]. Medical comorbidities that affect the phar-
macokinetics and pharmacodynamics of medications, such as renal and cardiac dys-
function, can also increase risk for side effects. In addition, regimen complexity can 
increase risk for side effects through drug–drug interactions. Multiple studies have 
confirmed that symptomatic side effects increase risk for medication nonadherence. 
For example, Morgado and colleagues found that individuals who reported having 
one or more side effect symptoms were 3.7 times more likely to self-report being 
nonadherent at that time than individuals with no symptoms [15]. Tedla and col-
leagues sought to better understand the way side effects impacted adherence by 
grouping symptoms related to antihypertensive medications into clusters using the 
Physical Symptoms Distress Index [16]. The authors learned that 86% of participants 
experienced at least one drug-related side effect. Interestingly, only the genitourinary 
symptoms cluster was significantly associated with a pill count measure of adher-
ence; those with at least one genitourinary symptom (particularly excessive urination 
or decreased sexual drive) had a 7.1% lower adherence compared to those with no 
symptoms.

Other Adverse Effects. Antihypertensive drugs also lead to adverse effects that do 
not reliably produce symptoms. These adverse effects may lead clinicians to discon-
tinue medications. Strictly speaking, discontinuation of medications when recom-
mended by clinicians does not represent nonadherence. That said, patient concerns 
about these adverse effects can adversely impact adherence. Moreover, the experi-
ence of the adverse effects may lead patients to become less trusting of future pre-
scribed medications. Monitoring requirements for these adverse effects through 
frequent blood tests, for example, may also increase the “work” of taking antihyper-
tensives, which may in turn adversely impact adherence. Accordingly, clinicians are 
encouraged to select antihypertensive medications with the lowest risks of resulting 
in adverse effects.

Cost. Differences in out-of-pocket costs for antihypertensives may also impact 
adherence, particularly in lower-income patient populations for whom even small 
costs can be difficult to bear. In one systematic review that identified 24 unique stud-
ies of the association between medication cost and adherence, 75% of the studies 
showed a significant relationship between increased patient cost-sharing and nonad-
herence [17]. Steinman et al. (2001) demonstrated that among seniors, medication 
restriction because of cost was associated with lack of prescription coverage, as well 
as low-income out-of-pocket drug costs [18]. One value-based insurance design 
program that eliminated generic medication copayments and reduced brand name 
copayments found improvement in medication possession ratios for all medication 
classes except ARBs, which did not have generic equivalents available at that time 
[19]. However, since the publication of this study, ARBs have become generic, less-
ening concerns about cost-related nonadherence for this class of medication. It 
might be present, however, for other drugs without generic alternatives available, 
such as the current class of direct renin inhibitors. Thus, out-of-pocket costs can 
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vary according to the availability of generic drugs as well as the specifics of formu-
laries and the insurance status of patients. As such, the effect of cost on adherence 
often represents the intersection both drug and patient characteristics.

Dosing Complexity: Multiple studies have shown that regimen complexity may 
affect adherence to antihypertensive medications. A systematic review showed 
modestly greater refill adherence to once-a-day formulations (91.4%) compared to 
twice a day formulations (87.1%) and more than twice per day (86.3%) formula-
tions [20].

Physical Properties: The color, size, and shape of pills can influence adherence. 
In the case of antihypertensives [21, 22], Lumbreras and Lopez-Pintor compared 
self-reported adherence to angiotensin receptor blockers after switches in the physi-
cal characteristics of the pills, which commonly occurred in Spain soon after generic 
substitutions for brand name ARBs became available [23]. The authors confirmed 
that adherence was lower among patients who had experienced switches in pill 
appearance.

Perceived Benefits and Harms: Medication adherence is shaped, in part, by per-
ceptions of benefits of harms [24, 25]. Typically, these beliefs influence adherence 
antihypertensives equally, without differences between specific drugs. Marketing 
for specific antihypertensives, and general preferences for newer brand names med-
ications, however, may lead to differences in perceived benefits and harms of spe-
cific antihypertensive medications. Interestingly, despite direct-to-consumer 
advertising, most patients have positive perceptions of generic medications [26]. In 
fact, among 101,618 hypertensive patients in Italy initiating monotherapy with 
generic versus brand name antihypertensive medications, discontinuation rates 
were similar after adjustment for demographic and clinical factors [27]. Another 
study that occurred during the introduction of generic ramipril to the market, found 
that adherence was slightly higher for generic than brand name ramipril [28]. 
Patients may also gain different perceptions for specific antihypertensive medica-
tions or medication classes through word-of-mouth experiences from family mem-
bers or friends, as well as through direct experiences.

12.4  Properties of Antihypertensive Drug Classes  
Relevant to Adherence

While the side effects of newer antihypertensive agents are generally lower in fre-
quency and severity compared to the earlier nerve-blocking antihypertensive agents, 
even the newest medications continue to present a range of both symptomatic and 
asymptomatic adverse effects, and nonadherence remains suboptimal. Medication 
adherence remains a key determinant of blood pressure control [29–31]. In this sec-
tion, we described the pharmacologic properties of the commonly prescribed anti-
hypertensive drug classes that might impact adherence. These clinically significant 
differences in drug pharmacology may lead to differences in side effects and thus 
tolerability from a patient’s perspective. Understanding these properties may help 
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clinicians personalize the selection of antihypertensives and be vigilant for adverse 
effects that could lead to nonadherence or early discontinuation.

Currently, most guidelines including the Joint National Committee (JNC) 8 [32], 
American Society of Hypertension/International Society of Hypertension [33], and 
the European Society of Hypertension/European Society of Cardiology [34] recom-
mend that the initial antihypertensive drug be selected from one of four classes: 
thiazide diuretics, CCBs, ACEIs, and ARBs. The selection of these classes was gen-
erally based on evidence from randomized control trials comparing individual drug 
classes to one another or placebo. Accordingly, we focus our review of properties of 
antihypertensives to medications within these four drug classes. As the majority of 
patients require two or more medications to achieve tight blood pressure control, we 
additionally describe the relevant drug properties associated with commonly used 
second-line antihypertensives.

Thiazide diuretics. The mechanisms of action by which thiazide diuretics lower 
blood pressure are poorly understood, and are thought to relate to endothelial or 
vascular smooth muscle-mediated vasodilation, decreased sodium absorption in the 
distal renal tubules, decreased extracellular volume which in turn produces a decline 
in volume, diminished venous return, and eventually lower cardiac output and blood 
pressure [35]. In some (e.g., JNC-7), but not all guidelines, thiazide diuretics are 
recommended as the preferred first-line medication. This recommendation is pri-
marily based on the findings of the landmark Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial (ALLHAT), which showed that the thiazide- 
like diuretic chlorthalidone was more effective than amlodipine (a CCB), lisinopril 
(an ACEI), and doxazosin (an alpha-blocker) for reducing cardiovascular morbidity 
and mortality [36]. From an adherence point of view, thiazide diuretics have several 
advantages: (1) they are typically prescribed once a day and (2) certain thiazides, 
most notably chlorthalidone, have a relatively long half-life such that occasional 
missed doses will have a small impact on drug levels, and hence on BP control, a 
concept known as “forgiveness” [37]. Thiazide diuretics also have properties that 
can negatively influence adherence. To begin with, a common side effect, particu-
larly when initiated, is increased urination. In theory, this symptom should resolve 
with regular use, but intermittent non-adherers may be particularly susceptible to 
this side effect. Other concerns are related to increased risk of erectile dysfunction 
in men. As described above, genitourinary side effects may have a particular adverse 
effect on adherence. Overall, individuals taking diuretics are more likely to experi-
ence side effects than those taking other antihypertensive drugs [38]. Thiazide 
diuretics can also lead to electrolyte abnormalities such as hypokalemia, glucose 
intolerance, hyperlipidemia, and hyperuricemia (a setup for gout flares). Among 
older adults, one study suggested that chlorthalidone as compared to other thiazide 
diuretics is associated with increased electrolyte abnormalities without a superior 
benefit with respect to cardiovascular outcomes [39]. These metabolic and electro-
lyte side effects may lead to a clinical indication for routine monitoring via blood 
testing, particularly in older adults, that may be undesirable for patients and could 
foster discontinuation by patients or clinicians [40].
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CCBs: CCBs mechanism of action is through blocking the influx of calcium ions 
into vascular smooth muscle. They can be categorized into three groups: (1) dihy-
dropyridinic agents, the most widely used CCBs for hypertension which act as dilat-
ing agents at peripheral vessel level; (2) phenilalchilaminic agents, which 
predominantly act as negative inotropes and chronotropes at the cardiac level; and 
(3) benzothiazepinic agents, which have an intermediate profile. The advantage of 
CCBs as compared to the other first-line antihypertensives, is that they uncommonly 
result in electrolyte abnormalities and do not require any special monitoring via 
blood tests. The most common side effects of the dihidropyridines relate to their 
vasodilatory effects, potentially resulting in peripheral edema, headaches, and flush-
ing [41]. The edema is not typically responsive to diuretic medications. The princi-
pal side effects of the non-dihidropyridines relate to their chronotropic effects, and 
include conduction delays and bradycardia. Constipation is especially common 
with verapamil, one of the non- dihidropyridines. When considering these agents, 
physicians should be aware that the side effects of CCBs are typically dose 
dependent.

ACEI and ARBs. ACEIs and ARBs both block the renin-angiotensin aldosterone 
system. ACEIs produce vasodilation by inhibiting the formation of angiotensin II (a 
vasoconstrictor), thus promoting excretion of sodium and water by blocking the 
effects of angiotensin II in the kidney as well as inhibiting cardiac and vascular 
remodeling. ARBs are receptor antagonists that block type I angiotensin II receptors 
on blood vessels and other tissues, such as the heart, and thus also have natriuretic, 
diuretic, and cardiac remodeling effects. Historically, ACEIs were shown to improve 
outcomes in patients with left ventricular dysfunction, heart failure, or prior myo-
cardial infarction. The Heart Outcomes Prevention Evaluation Study (HOPE) found 
that patients at high risk for cardiovascular disease, irrespective of underlying 
hypertension, had reduced cardiovascular morbidity and mortality on ramipril com-
pared to placebos; given the small difference in BP reduction, the authors suggested 
protective mechanisms related to direct effects on the heart or vascular [42]. To the 
extent that clinicians and patients are aware of the findings of this landmark trial, 
perceptions of increased benefit for this drug may positively influence adherence. 
The properties of ACEIs and ARBs can also explain the side effects seen in these 
medications. ACEIs also block the breakdown of bradykinin (a vasodilator sub-
stance) that is thought to be responsible for a dry cough that occurs in up to 10% of 
patients [43]. Fortunately, the effect typically resolves within days of discontinuing 
the agent. The HOPE trial demonstrated that patients in the ramipril (ACEI) (vs. 
placebo) group were more likely to discontinue treatment due to cough (7.3% vs. 
1.8%) or hypotension/dizziness (1.9% vs. 1.5%). Angioedema has also been 
reported in individuals taking ACEIs, likely related to the kallikrein-kinin system, 
and is higher among African-Americans [44, 45]. One community-based trial found 
that ARBs, which do not directly influence bradykinin, are less likely to cause cough 
and are better tolerated than ACEIs [46].

Beta-Blockers (BB). BB have been used to treat hypertension for decades, and 
have been relegated to second-line agents in some recent hypertension guidelines, 
unless there are compelling indications for BBs as first line, such as underlying 
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coronary heart disease, congestive heart failure, migraine prophylaxis, or for heart 
rate control. BBs decrease cardiac output, renin release, and sympathetic nervous 
systemic activity among other effects [12]. In 2004, Carlberg and colleagues pub-
lished a systematic review demonstrating that atenolol may produce a smaller 
reduction in mortality compared to other hypertension classes [47]. This study and 
subsequent studies contributed to relegating BB to second-line treatment. Common 
side effects of BBs include bradycardia and insulin sensitivity [12]. While second- 
generation BBs (e.g., atenolol, metoprolol) are more selective for the beta-1 adren-
ergic receptor than first-line BBs (e.g., propranolol) that act on beta-1 and beta-2 
receptors, third-generation drugs, also known as combined alpha and beta-blockers 
(e.g., carvedilol), have vasodilatory effects and, generally, improved tolerability 
[48]. One systematic review found that nebivolol, a highly selective beta-1 adrener-
gic receptor blocker, had similar tolerability to placebo and higher tolerability than 
other BBs, CCBs (nifedipine), and ARBs [49]. Although many once-per-day formu-
lations are now available, many BBs were initially only available as multi-day dos-
ing formulations, which as described above, could contribute to lower adherence.

Other agents: Other second line antihypertensive medications are still com-
monly used in patients with intolerances to first-line medications or in those with 
treatment resistant hypertension, requiring three or more medications. Centrally 
acting agonists, such as clonidine, stimulate alpha receptors in the brain, can induce 
psychological effects including depression and hallucinations. Individuals who are 
intermittently nonadherent to clonidine are susceptible to hypertensive crisis after 
abrupt withdrawal. Alpha-blockers have modest blood pressure lowering effects, 
and are no longer recommended as first line since the publication of the ALLHAT 
trial, showing inferior cardiovascular risk reduction. They may be useful, however, 
in men with concomitant benign prostatic hypertrophy. Common adverse effects 
include dizziness, orthostatic hypotension, and syncope. Aldosterone antagonists 
are increasingly recommended in treatment resistant hypertension, even in patients 
without biochemical evidence of hyperaldosteronism, a relatively common cause of 
identifiable hypertension [50]. The use of this class of medications is commonly 
limited by the potential for hyperkalemia. They can also be limited by symptoms 
such as breast tenderness and gynecomastia, particularly in men. A switch to more 
selective agents (e.g., eplerenone) in this class can reduce the incidence of these 
endocrine system side effects. Hydralazine, one of the first antihypertensives 
approved by the Food and Drug Administration, is still used in those with severe or 
resistant hypertension. It causes direct relaxation of arteriolar and smooth muscles. 
Advantages include fewer electrolyte abnormalities necessitating blood monitoring 
as compared to some other second-line medications like aldosterone antagonists. 
Hydralazine, however can produce serious side effects including a lupus-like syn-
drome in 10–20% of patients, tachycardia, headache, dizziness, flushing, and myo-
cardial ischemia; combining this drug with a diuretic and BB can prevent side 
effects such as fluid retention and tachycardia, respectively [50]. Newer direct renin 
inhibitors (DRIs), which inhibit renin-angiotensin aldosterone system, are increas-
ingly being evaluated. A systematic review demonstrated that mean event rates of 
dizziness and headaches appeared to be slightly higher in the DRI group (6.0 and 

12 The Impact of Antihypertensive Drugs on Adherence



162

10%) compared to ACEIs (4.4 and 7.9%) and ARBs (3.7 and 6.3%) [51]. The most 
common side effects are gastrointestinal, particularly in women and the elderly 
[52], which, along with cost, may adversely impact adherence.

12.5  Evidence for an Association Between Antihypertensive 
Drug Class and Adherence

Thus far, we have described mechanisms and drug properties that explain how anti-
hypertensive drugs can impact adherence. In this section, we will review the epide-
miological evidence for these associations. Initial evidence for the impact of 
antihypertensive drug class on adherence can be drawn from prior randomized clini-
cal trials comparing the effects of different classes of antihypertensives. The pri-
mary aim of the majority of these trials was to compare the effects of antihypertensive 
drugs on blood pressure, but some also assessed adherence as a secondary outcome. 
Most notably, in the ALLHAT, persistence with treatment at 1 year, one measure of 
adherence, ranged from 83% for lisinopril (ACEI) to 88% for amlodipine (CCB) 
[36]. The Losartan Intervention For Endpoint reduction in hypertension study 
(LIFE) trial found higher persistence (i.e., less dropout due to adverse event) for 
losartan (ARB) (87%) than atenolol (BB) (83%) [53]. The Heart Outcomes 
Prevention Evaluation Study (HOPE) found persistence rates for ramipril were 87% 
at 1 year, 85% at 2 years, 82% at 3 years, and 75% at 4 years [54]. Overall, when 
examining data from these clinical trials, it appears as though persistence with all 
antihypertensive drug classes is fairly high and as if there are not major differences 
between drug classes. Yet, as a result of selection bias, run-in periods, behavior 
reinforcement through close follow-up, and lack of out-of-pocket costs, adherence 
to medications in clinical trial settings may not be representative of adherence in the 
“real world.” Moreover, the aforementioned trials did not rigorously assess how 
well the regimen was implemented on a day-to-day basis, and hence, provide a lim-
ited understanding of the expected effects of antihypertensives on the full spectrum 
of adherence behaviors in routine clinical practice.

We have to turn to observational studies to gain a better understanding of the 
population-level effect of drugs on adherence [55]. To better understand the impact 
of antihypertensive drug class on adherence in clinical settings, Kronish and col-
leagues (2011) performed a meta-analysis of studies up to 2009 assessing the asso-
ciation between drug class and two definitions of adherence to antihypertensive 
medications, persistence and day-to-day implementation [56]. The systematic search 
yielded 17 unique articles for 935,920 patients. The included studies relied upon 
medication refill data from insurance claims or pharmacy refills data. The pooled 
mean persistence with medication was highest for ARBs (65%) compared to other 
drug classes studied (ACEI, 58%, CCB, 52%, diuretics, 51%, BB, 28%). The authors 
also noted that after accounting for publication bias, the differences between ARBs 
and ACEIs as well as diuretics and BBs were no longer significant. Overall, when 
compared to patients prescribed diuretics and BBs, the drug classes associated with 
the lowest adherence, patients prescribed ARBs had approximately twice the odds of 
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having good adherence, with ACEIs appearing to have the second best level of adher-
ence, followed by CCBs. A higher frequency of side effects, both asymptomatic and 
symptomatic ones, with thiazide diuretics and BBs could have explained the differ-
ences in adherence by drug class observed in the meta-analysis.

Since the publication of this meta-analysis in 2011, several other important stud-
ies of the association between drug class and adherence have been reported. Ritchey 
and colleagues assessed the association between demographic characteristics and 
adherence to antihypertensives among 18.5 million Medicare advantage and medi-
cation fee-for-service beneficiaries aged 65 years with Medicare Part D prescription 
coverage during 2014 [57]. Beneficiaries were categorized as nonadherent if the 
proportion of days covered (PDC) with each drug was less than 80%, a commonly 
used cutpoint. Consistent with the Kronish meta-analysis, they learned that there 
were again significant differences in adherence by drug class, with adherence high-
est for ACEIs and ARBs and lowest for a mixed group of antihypertensives (selec-
tive aldosterone receptor inhibitors, peripheral vasodilators, alpha-blockers, and 
centrally acting agents) and diuretics (Table 12.3). However, among this more uni-
form patient population, there was only a 10% difference in the proportion adherent 
between the best (ARB, 83%) and worst (thiazide diuretic, 73%) first-line drug 
class. These data suggest that, at least among older adults with Medicare Part D 
coverage, drug class does not have a large impact on adherence.

Tajeu and colleagues similarly examined the trends in adherence to antihyperten-
sive in Medicare beneficiaries from 2007 to 2012, and again found that discontinu-
ation was most likely with non-first line antihypertensive classes (e.g., BBs and loop 
diuretics) and least likely with ACEIs and ARBs [58]. In contrast, when adherence 
was measured using a PDC < 80%, the pattern of association between drug class 
and adherence was somewhat different. The most significant change was that 
although ARBs were in the group least associated with discontinuation, they were 
among the drug classes most associated with low adherence. These data support the 
hypothesis that drug class can exert different effects on different aspects of adher-
ence behavior.

While the prior studies were limited to Medicare beneficiaries in the United 
States, these patterns of associations between drug class and adherence have also 
been observed in international settings. In the meta-analysis by Kronish and 

Table 12.3 Association between drug class and nonadherence, adapted from Ritchey et al. [57]

Antihypertensive 
medication class

N of 
beneficiaries

N of fills 
(millions)

Out-of-pocket 
spending per 
beneficiary ($)

% 
nonadherent

Angiotensin receptor 
blocker

4,890,687 29.7 98 16.9

Angiotensin converting 
enzyme inhibitor

7,411,281 42.0 30 18.5

Calcium channel blocker 7,144,600 40.5 49 22.9
Beta-blocker 9,645,375 54.3 48 23.4
Thiazide diuretic 6,874,909 35.1 39 27.2
Other 1,847,807 10.4 42 35.9
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colleagues, cohorts came from multiple continents (North America and Europe) 
and settings. The country of the study did not change the pattern of association 
between drug class and adherence in this meta-analysis. A more recent study in 
Asia (South Korea) found a similar pattern of the influence of drug class on adher-
ence [59].

While the preponderance of data suggests that there are significant differences in 
adherence by drug class [60], it is worth noting that this pattern has not been found 
in all samples. In a more recent study using a Swedish Primary Care cardiovascular 
database, there were not differences in drug persistence by drug class, including for 
diuretics versus other antihypertensive drug classes [61]. Of note, this sample was 
not limited to elderly adults, a group more susceptible to side effects, as the US 
Medicare samples were.

While most large studies of the impact of antihypertensive drugs on adherence 
have examined difference in adherence by drug class, there are some studies that 
have examined differences within drug classes. For example, Choi and colleagues 
compared adherence between atenolol, an older beta-blocker, and newer genera-
tion beta-blockers [62]. They found that some of the newer generation medica-
tions, most notably carvedilol, had a lower hazard of discontinuation. Whether 
these differences have more to do with selection factors or with the increased 
branding and marketing of such drugs versus true differences in side effects is 
unclear.

Others have examined the relationship between drug class and adherence using 
adherence measurement techniques other than pharmacy fill data. Refill patterns 
measure whether a patient presents to a pharmacy regularly to retrieve their medi-
cations, but does not account for missed or skipped daily doses. Moise and col-
leagues (2015) assessed adherence in 149 persistently uncontrolled hypertensive 
primary care patients using electronic pillboxes, which measure mean day-to-day 
adherence, between two office visits [63]. Adherence was lowest for BBs (70.9%) 
compared to ARBs (75.0%, P = 0.11), diuretics (75.9%, P < 0.001), CCBs (77.6%, 
P < 0.001), and ACEIs (78.0%, P < 0.0001). However, in adjusted analyses, dosing 
frequency but not drug class was related to electronically measured adherence, 
suggesting that differences in adherence attributed to BBs were due to the fact that 
they were more likely to be prescribed as twice a day formulations [63]. It is worth 
noting, however, that these observed between-class differences in day-to-day 
implementation were relatively small, and on average, drug class did not have a 
large impact on typical adherence among patients with predominantly multi-drug 
regimens.

12.6  Heterogeneity of Treatment Effects and N-of-1 Trials

Thus far, we have considered population-level effects of drugs on the typical or 
“average” patient. In reality, there are heterogeneous treatment effects between 
patients. That is, the same drug might have no side effects in some patients, but 
severe side effects in another. In fact, there are substantial inter-individual 
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differences in the effects of antihypertensive medications [64–67]. For example, 
in a study of 56 hypertensive patients who received one of four antihypertensive 
medications from distinct drug classes, 39% of patients achieved controlled blood 
pressure on a first, randomly selected medication [64]. However, after systemati-
cally assessing the response to each of the four medications, nearly twice as many 
patients (73%) achieved controlled blood pressure on a single medication. 
Scientists have examined whether gene polymorphisms or hormone tests can pre-
dict which antihypertensive medication will be most effective for individual 
patients [68], but reliable predictors have yet to be identified [69]. The field of 
pharmacogenomics has similarly been searching for reliable predictors of person-
specific side effects. Unfortunately, thus far, we do not have reliable tests to deter-
mine which patient is going to have the adverse effect or the best blood pressure 
lowering effect.

Since there are no proven patient characteristics or tests to predict with suffi-
cient accuracy how individual patients will respond to individual antihypertensive 
medications, clinicians have relied upon the unsystematic and potentially harmful 
“trial of therapy” approach (i.e., trying a medication in an unsystematic way until 
proven inefficacious or harmful) [70]. N-of-1 trials are experiments conducted by 
individual patients [71] and offer an intriguing approach to increasing the precision 
of blood pressure treatment. Although there are various N-of-1 trial designs, a 
commonality is that patients compare multiple treatments using a multiple cross-
over design with rigorous monitoring for treatment effects (both benefits and 
harms) that are most important to patients and clinicians [72–76]. With recent 
innovations in mobile health technology, N-of-1 trials may become more feasible 
to implement. In the foreseeable future, smartphones could be used to host an 
N-of-1 trial application (“app”), which guides patients through the trial, reminds 
them which treatments they should take and when, and enables them to complete 
electronic side effect diaries that are less cumbersome than paper-and-pen ones 
[77]. Wireless home blood pressure monitors can also now remotely capture blood 
pressure data, and algorithms for data analysis and visualization can be pro-
grammed into an N-of-1 “app.”

N-of-1 trials are postulated to improve clinical outcomes by increasing satisfac-
tion with treatment, and in turn, improving medication adherence and clinical out-
comes. Accumulating evidence suggests that when operational complexities can be 
overcome, patients benefit from N-of-1 trials. N-of-1 trials for conditions other than 
hypertension (e.g., chronic pain and asthma) have reported that 79% of patients 
participating in them find them useful [78], up to 65% of patients change treatment 
as a result of their involvement [79], and 84–100% continue therapy consistent with 
N-of-1 trial results [79, 80]. Participation in N-of-1 trials can also increase patients’ 
understanding of and increase their sense of control over their chronic disease [81], 
factors that can improve adherence to treatment. Despite the potential benefit of 
applying N-of-1 trials to hypertension, the effect of N-of-1 trials of blood pressure 
medications on patient-centered outcomes is just beginning to be tested in several 
ongoing trials. Whether this approach can truly help optimize adherence through 
more precise treatment selection remains to be seen.
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12.7  Approaches to Minimizing Nonadherence  
Due to Drug Class

There are other more established approaches to optimizing the selection of blood 
pressure medications in a manner that will minimize the risk of nonadherence. The 
Center for Disease Control’s (CDC) Million Hearts Initiative recommends the 
SIMPLE method of Simplifying the regimen, Imparting knowledge, Modifying 
beliefs and behavior through reinforcement, Providing communication and trust, 
Leaving the bias (e.g., by understanding the predictors of nonadherence), and 
Evaluating adherence through validated scales (http://www.acpm.
org/?MedAdhereTTProviders). Below we review some recommendations for 
improving nonadherence, particularly due to drug class-related mechanisms such as 
symptomatic side effects and other adverse effects.

Communication: Poor provider communication about side effects at the time of 
prescribing may contribute to nonadherence. In fact, providers address adverse 
effects only 35% of the time, and explain the pill number and frequency, and tim-
ing only about half of the time [82]. Experts continue to recommend that providers 
identify barriers to adherence when prescribing medications and seek to involve 
patients in decision-making as a means to improving adherence [83], particularly 
as it relates to differences in drug classes. Shared decision-making (SDM) refers to 
a collaborative process whereby clinicians and patients make health decisions 
together by exchanging information about the best available evidence and taking 
patients’ preferences and values into account. Published studies show that patients 
prefer to be involved in treatment decisions, and interventions that enhance shared 
decision- making enhance treatment adherence and satisfaction [84, 85]. With 
respect to minimizing nonadherence related to drug effects, a clinician might 
describe side effects of different drug classes and seek input about which drug the 
patient would prefer to initiate. However, it can be argued that this approach may 
risk inducing a nocebo effect, biasing patients to experience and thus report spe-
cific side effects, and worsening adherence rates. It remains unknown which 
approach to addressing potential side effects would best reduce adverse effects of 
drugs on adherence.

Minimizing out-of-pocket costs: One value-based insurance design program that 
eliminated generic medication copayments and reduced brand name copayments 
found improvement in medication possession ratios for ACEIs, BBs, CCBs, though 
not ARBs, which did not have generic equivalents available at that time [19]. The 
results of this study serve as a reminder that clinicians should be mindful to inquire 
about trouble affording medications due to cost, typically favoring generic medica-
tions with low out-of-pocket costs over brand name ones, particularly in the area of 
hypertension with so many generic medications available.

Lifestyle recommendations: Some prior data has shown that a healthy lifestyle 
can decrease the risk of medication side effects. Accordingly, Dharmarajan and 
Dharmarajan (2015) posit that the key to successful therapy and tolerability is 
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to promote a healthy lifestyle (i.e., diet and exercise) in conjunction with medi-
cations [12].

Keep the regimen simple: Fixed combinations in particular may improve adher-
ence. One study found that fixed combinations that included diuretics (a drug class 
particularly associated with low adherence) showed a 19.8% lower chance for non-
adherence compared to diuretic monotherapies, suggesting that combination drugs 
may mitigate drug class effects on nonadherence [60]. A systematic review found 
that compared to placebo, polypills are effective in reducing blood pressure, and 
while there were slightly higher discontinuation rates, reported adverse events 
were similar [86]. As the aforementioned data relating to adherence to BBs in 
patients with uncontrolled hypertension revealed, favoring extended release, once-
per-day formulations over multi-day dosings is also likely to be beneficial to adher-
ence [63].

Routinely assess side effects and adherence: Given the high prevalence of side 
effects and nonadherence, clinicians are encouraged to routinely inquire about side 
effects and adherence in a non-judgmental manner. When nonadherence is sus-
pected, clinicians should explore the reasons for nonadherence, including cost and 
perceived side effects. Clinicians can then incorporate behavior-change techniques 
from effective, multicomponent interventions into their practice [87]. When the rea-
sons for nonadherence pertain to effects of the drug such as cost or side effects, then 
switching to an alternative medication may be appropriate.

 Conclusions

The preponderance of evidence suggests that there are population-level differ-
ences in adherence by drug class. Among the four first-line classes, there appears 
to be lower adherence to thiazide diuretics and higher adherence to ARBs and 
ACEIs, particularly in older adults. Whether these differences in adherence are 
sufficient to result in differences in blood pressure control is not proven, but cli-
nicians might consider these differences as one factor when deciding on first-line 
drug treatment, particularly among patients that have a track-record of nonadher-
ence or sensitivity to side effects.

Perhaps more important than the population-level differences in adherence 
by drug level are the inter-individual-level differences in which some patients 
are expected to have severe side effects or toxicities to certain drug classes but 
not to others. This suggests the importance of careful follow-up of patients. 
N-of-1 trials offer an exciting potential new approach to prescribing in which 
patients get to gain direct evidence as to the relative benefits and harms of mul-
tiple classes of blood pressure medications. Such knowledge may be helpful to 
sustaining long-term adherence. This approach, however, requires a patient to 
be engaged in self- monitoring for an extended period of time. Whether such an 
approach will play a substantial role in the clinical management of hypertension 
remains to be seen, and several ongoing clinical trials promise to be 
informative.
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13Medication Persistence in Hypertension 
in General Practice

Miriam Qvarnström, Björn Wettermark, 
and Thomas Kahan

13.1  Hypertensive Patients in Primary Health Care

Most patients with hypertension are managed in primary health care [1–3]. In 
Sweden, around half of the patients with a diagnosis of essential hypertension 
receive this diagnosis in primary health care only [4, 5]. Studies on medication per-
sistence to antihypertensive drug treatment in primary health care show disappoint-
ing results, with one third of the patients discontinuing their medication within 
2 years after initiation of treatment [6, 7]. For most patients, hypertension goes with 
no symptoms. Many patients and health care providers consider hypertension a 
marker for increased risk of disease later in life and do not consider high blood pres-
sure a disease. This constitutes a problem for both health care providers and patients 
when discussing antihypertensive treatment. Although both parts consider treatment 
something necessary in order to reduce health problems in the future, they foresee 
no immediate beneficial effects. Hence, they miss having focus on the problem of 
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hypertension at present, where elevated blood pressure will promote target organ 
damage, with important and often irreversible later consequences. Studies on medi-
cation persistence are important, as they may be valuable tools in identifying patient 
groups in need of targeted interventions to improve early blood pressure control and 
to prevent cardiovascular complications.

13.2  Definition of Medication Persistence

During the past decades, research groups have tried to come up with the best defini-
tions for medication adherence, compliance, and persistence. However, researcher 
in this field may still find reports mixing these terms and using them inconsequently. 
This posts the question as to why it is necessary to differentiate between medication 
adherence (or compliance) and persistence? The simple answer is that adherence (or 
compliance) and persistence measure different things. Adherence and compliance, 
now considered synonyms, measure how well the patient takes their medication, 
while medication persistence measure for how long the patient takes their medica-
tion [8] (Fig. 13.1). Both terms affect clinical outcome in different ways. Thus, it is 
crucial to separate them when analysing medication-taking behaviour, in order to 
fully understand the mechanisms. Furthermore, correct terminology is also impor-
tant in order to distinguish adherence from persistence, which is crucial to allow for 
comparisons of results between studies of medication persistence rates [9].

Although many different definitions of adherence or compliance, and persistence 
have been proposed, for the purpose of this text we will focus on three recently 
published major reviews [8–10]. First, Caetano et al. [10] made a literature review 
of all published papers between 1997 and 2005 on medication persistence towards 
statins and antihypertensive treatment. They found inconsistencies in the definitions 
of persistence and the methods by which it was measured. They proposed that the 
standard operational definition of persistence should not only consider total 

Patient starts  
treatment

Patient ends 
treatment

Days taking medication without 
exceeding a permissible gap 

PERSISTENCE

ADHERENCE

Percentage of doses
taken as prescribed

Wash-out 
period

Wash-out 
period

Fig. 13.1 Medication persistence defined as number of days on treatment without exceeding a 
permissible gap
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duration of therapy, but also the intensity of medication-taking behaviour within 
this interval.

Second, in 2008 the International Society of Pharmacoeconomics and Outcomes 
Research (ISPOR) Medication Compliance and Persistence Work Group, led by 
Joyce Cramer, published a review on the terminology and definitions used in studies 
observing medication adherence and persistence [8]. Their extensive investigations 
of all publications reporting on adherence, compliance, or persistence came up with 
two distinct definitions for compliance and persistence. They also concluded that 
the term compliance was synonymous with medication adherence. However, today 
the term adherence is much more commonly used, due to its different connotation. 
Compliance implies that the patient does what the physician says, while adherence 
relates more to the communication between patient and the physician. According to 
Cramer et al. [8], medication persistence may be defined as “the duration of time 
from initiation to discontinuation of therapy”.

Finally, 4 years after Cramer et al. published their review [8], Vrijens et al. pos-
tulated a new and slightly different definition of medication adherence and persis-
tence [9]. In contrast to the definition by Cramer et al., Vrijens et al. considered the 
term medication persistence to be a part of medication adherence, rather than seeing 
them as two unique terms. This is further illustrated in a subsequent publication 
[11], where the authors conclude that medication adherence is “the process by 
which patients take their medication as prescribed, further divided into three quan-
tifiable phases: ‘Initiation’, ‘Implementation’ and ‘Discontinuation’”.

13.3  Therapy Versus Class Medication Persistence

Medication persistence can be divided into therapy persistence and class persis-
tence. However, these terms are usually not specifically reported in the published 
literature, making it difficult for the reader to interpret the results. When therapy 
persistence is studied in the field of hypertension, we are interested in whether the 
patient is on any antihypertensive drug therapy. If class persistence is investigated, 
our interest is whether the patient is more persistent to the specific antihypertensive 
drug class the subject was initiated on. For example, if a patient is initiated on a beta 
blocker and switches to a calcium channel blocker, the patient is considered therapy 
persistent, but not class persistent. Given that the same method and study population 
is used, therapy persistence minus class persistence may be considered equal to the 
proportion of patients switching antihypertensive therapy.

13.4  How to Measure Medication Persistence

The persistence rate can be affected by the time frame and the method used in the 
study, but generally persistence rate decreases with time [12]. To study medication 
persistence, we need objective and longitudinal data. Therefore, registers on phar-
macy claims data have been proposed as the golden standard in medication persis-
tence research [11].
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There are different ways of calculating persistence, depending on the availability 
of structured information in the database (Fig. 13.2). The most simple methods are 
dichotomous, determining whether the patients have claimed a prescription or not 
after a certain time period. Such methods provide a somewhat crude picture. Hence, 
more sophisticated continuous analyses of each patient dispensing patterns are pre-
ferred. In order to conduct analyses of medication persistence, the researchers need 
first to consider the allowed gap, i.e. the number of days the patient can be without 
medication, but still be considered persistent to the antihypertensive therapy. This is 
well illustrated by several studies [8, 13]. The gap length is mostly influenced by the 
type of drug and by the regulations on filling prescriptions for different countries. 
Since antihypertensive medication can be considered chronic, will be taken every 
day, and mostly once daily when treating hypertension, relatively few aspects on 
gap length need to be considered when studying antihypertensive drug treatment.

Second, if the researcher is interested in patients newly initiated on antihyperten-
sive treatment, they need to consider the wash-out period, i.e. for how long the 
patient needs to have been free of medical therapy to be considered newly initiated 
on treatment. Furthermore, the researcher must consider how to deal with patients 
in primary health care newly diagnosed with hypertension, where a large proportion 
will fill their first prescription, but some may not fill their second prescription. 
However, many of these patients will start antihypertensive treatment later, and this 
needs to be taken into account. The outstanding question is how to define a patient 
as “newly” initiated on treatment.

Third, it is important to consider the reimbursement system in the country of 
which the study is conducted. This can have major impact on how the patients are 
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Dispensing patterns of a patient
starting therapy on 1st of a month 

Dosage 1 tablet once daily 

Number of tablets dispensed 

Dichotomous measures 
- Patients being dispensed medicine
after a year ±2 months 

- Patients being dispensed medicine
every quarter year

Continuous measures 
Calculated between two claims 
- Allowed gap >50 days
- Allowed gap >100 days

From end of supply to next claim 
- Allowed gap>7 days
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Fig. 13.2 An illustration of different methods for the calculation of medication persistence. This 
is exemplified for a hypothetical patient, showing her dispensing record during a 2-year period. 
Horizontal bars show how long time the patient will be classified as persistent. Developed and 
modified from a concept by [10]

M. Qvarnström et al.



177

filling their prescriptions. Most high income countries have limited patient copay-
ment for drugs. This will increase the likelihood that patients fill their prescriptions, 
without actually taking them. However, if patients fill their prescriptions earlier than 
expected, considering the number of tablets prescribed, tablets are accumulated. A 
way to acknowledge this is through accumulating former prescriptions onto the lat-
ter filled prescription, when calculating persistence. Fourth, it is important to reflect 
on how medication persistence is to be measured, depending on types of data 
sources available. Using algorithms to extract dosage texts, in order to calculate the 
number of days the patient has taken the drug in relation to how much he or she 
should, is optimal. However, few databases contain structured information on pre-
scribed doses. Thus, many researchers estimate medication persistence only from 
filled prescriptions with, e.g. 3 or 4 months of interval between filled prescriptions. 
The implications of different definitions of allowed gap are shown in Fig. 13.2.

13.5  Data Sources

There is a wide range of data sources that could be used to measure persistence to 
drug therapy. These may be either primary or secondary. Primary data sources refer 
to the original data collected directly by the investigator conducting the research for 
a particular purpose [14]. Secondary data sources encompass previously collected 
data, i.e. available data, which have not been generated for a specific research pur-
pose but can be adapted to the analysis of a new research question. In studies of 
persistence, secondary data sources are preferred. These sources are not confounded 
by the patient being aware of the data collection with the purpose of monitoring 
persistence.

Secondary data sources available include electronic health records, pharmacy dis-
pensing and claims databases, and various patient registries constructed to monitor 
quality of care in different disease conditions [15]. For persistence studies, registers 
on pharmacy claims data have been proposed as the golden standard [11]. The ratio-
nale behind this is the fact that these sources represent data closer to the actual drug 
consumption of the patients than medical records. Furthermore, such registers are 
often complete, enabling long time follow-up with large numbers of patients, and 
they may not be subject of any recall bias or desirability bias. An overview of the 
advantages and disadvantages with the different data sources are given in Table 13.1.

Some pharmacy claims databases provide the opportunity of record linkage 
between dispensed prescriptions and diagnoses. However, it is important to acknowl-
edge that most pharmacy claims databases do not contain information on diagnoses. 
Consequently, many scientific studies assessed persistence to antihypertensive 
drugs regardless of indication they were prescribed for [16]. This may give mislead-
ing conclusions for hypertension, since a large proportion of patients receive antihy-
pertensive for other conditions such as angina pectoris, atrial fibrillation, heart 
failure, or for secondary prevention after an acute coronary syndrome.

To increase our knowledge about medication persistence, pharmacy dispensing 
databases need to be complemented by other sources, such as information from 
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electronic health records containing blood pressures, laboratory data, and life style 
factors. However, it is important to acknowledge that prescription data documented 
in health records reflect the behaviour of the prescriber, rather than the patient, who 
may chose not to go to the pharmacy to claim the prescription [17]. Furthermore, 
since electronic health records are usually contained within a certain primary health 
care practice, they may provide incomplete drug utilization histories for patients 
who receive care also from other prescribers in different health care settings.

Patients are the end users of drugs, and their perspectives on persistence are 
therefore crucial. It is possible to study medication persistence through question-
naire to collect information that is impossible to include elsewhere. An example 
would be if we want to study attitudes of patients, or quality of life, in relation to 
medication persistence.

Recommendations for registry studies on medication persistence in hypertension 
are summarized in Table 13.2.

13.6  Ethics in Register Based Studies  
of Medication Persistence

The use of registries may raise concerns around privacy, confidentiality, and security of 
personal health data [15]. Privacy refers to the right of individuals to keep information 
about themselves from being disclosed to others and to be free from surveillance or 
interference from other individuals, organizations, or the government [18]. 
Confidentiality addresses issues of how personal data may be stored and used by the 
organization that collected the data and the extent to which the included individuals can 
give permission for uses [19]. Security can be defined as the procedural and technical 
measures required to prevent unauthorized access, modification, use, and 

Table 13.1 Data sources available to measure medication persistence in the treatment of 
hypertension

Data source Advantages Disadvantages
Surveys to 
patients

May provide patient perspectives and 
factors explaining poor medication 
persistence

Affected by communication skills of 
interviewers and questions formulated, 
desirability bias, recall bias

Pharmacy 
claims 
databases

Inexpensive, large sample sizes  
(or complete populations), long 
time- series, data collected for other 
purposes than monitoring medication 
persistence, may be linked to diagnoses 
and sociodemographic information

Prescriptions may be missing,  
if obtained outside the system, sensitive 
to reimbursement and administrative 
rules, may not identify barriers for the 
detected non-persistence, may not 
identify discontinuation verbally 
advised by prescriber

Electronic 
health 
records

May provide clinical data (e.g. blood 
pressures, laboratory data) to assess 
persistence in relation to, may provide 
information on practice/physician 
characteristics influencing medication 
persistence

Sometimes problems with poor data 
quality and validity, patients may not 
redeem their prescriptions, may provide 
incomplete drug utilization histories for 
patients who receive care from other 
prescribers located in different health 
care settings
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dissemination of data stored or processed in a computer system, to prevent any deliber-
ate denial of service, and to protect the system in its entirety from physical harm [20].

Based on the Declarations of Helsinki from the World Medical Association, it is a 
basic right of the patient to be assured that all of her medical and personal data are confi-
dential [21]. Researchers active in the field have recognized these ethical issues and 
adopted methods to ensure that the confidentiality of individually identifiable data is 
maintained [22]. Often, all data are encrypted, and some variables are aggregated in order 
to make it impossible to identify individual patients. In most countries, Ethical Committee 
approval is needed to conduct research on registers. The European Commission has 
recently proposed a stronger and more coherent data protection framework for the 
European Union, The EU General Data Protection Regulation (GDPR) [23]. Hopefully, 
this will not prevent the opportunities for conducting research using electronic health 
databases and prescription registers. A too strict application of privacy rules might hinder 
the further development of studies on persistence using secondary data.

13.7  Patient-Related Factors Associated with Medication 
Persistence to Antihypertensive Treatment

Patients with medication persistence to antihypertensive treatment may lack aware-
ness of long-term consequences of hypertension, or may not anticipate the impor-
tance of controlling a high blood pressure (Table 13.3). This is observed particularly 
in patients newly diagnosed with hypertension and/or newly initiated on antihyper-
tensive treatment, who present with a lower rate of medication persistence, as 

Table 13.2 Recommendations for registry studies on medication persistence in hypertension

1.  Use registries on pharmacy claims when available since these have been proposed as the 
gold standard data source for research on medication persistence

2.  Use databases with information on diagnoses and as much clinical information as possible 
(e.g. recorded diagnosis of hypertension, blood pressures, comorbidities, body mass index, 
and other cardiovascular risk factors)

3.  Apply record linkage, when feasible, using each patient’s unique identifier to assess the 
clinical information in relation to data on prescription claims

4.  Describe your study population by age, sex, socio-economy, comorbidity, and care 
provider characteristics; and adjust or stratify for these factors in the analyses

5.  Apply an appropriate time windows in the data analyses; and take into account both an 
appropriate wash-out period to identify patients initiated on therapy, and days of gap to 
determine discontinuation

6.  Describe the reimbursement systems for medications of the country, as this can affect the 
pattern of how patients fill their prescriptions

7.  Adapt the method to the context of your country and setting. Consider other country- 
specific factors than the reimbursement system (e.g. health care organization and financing, 
guidelines or regulations), which can affect how the patient will fill their prescriptions

8.  Provide a good description of the persistence construct being measured, the measure being 
used (including any treatment reference time window) and any permissible gap period

9.  Perform sensitivity analyses by varying the wash-out period (to identify incident patients) 
and the gap length (to determine discontinuation)

10.  Combine register-based assessment with other methods (e.g. questionnaires, interviews, 
electronic drug box monitoring, or drug concentration measurements)
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compared to patients who are prevalent users of antihypertensive treatment or have 
established hypertension [24–26].

Studies from many different countries have investigated patient characteristics 
potentially associated with poor medication persistence. These include clinical, 
demographic, and socioeconomic factors, which are easy to collect from, e.g. regis-
ters, electronic medical records, or questionnaires. Thus, the most studied patient- 
related factors associated with medication persistence include age and sex [6, 7, 16, 
24, 25, 27–42], followed by comorbidity [6, 7, 28–30, 32–36, 38, 40–42]. Generally, 
medication persistence increases with increasing age and is higher in women than 
in men. The association of medication persistence and comorbidity varies between 
comorbidities. Thus, persistence appears higher in patients with diabetes, suggest-
ing that medication persistence is higher in patients with comorbidities that need (or 
have) special attention from health care and regular visits to health care profession-
als, but persistence is lower in concomitant depressive disease, identifying a poten-
tial risk group for discontinuation of antihypertensive medication.

Other patient-related factors such as income, insurance type, and educational 
level are not often reported, and information on blood pressure before initiation of 
antihypertensive drug treatment, country of birth, number of visits to physicians or 
other care providers, and drugs prescribed is more uncommon [6, 7, 27, 30, 32, 36, 
41, 42]. Although less investigated, it seems that higher income, native-born citi-
zens, and a high number of visits to the physician are all related to increased medi-
cation persistence. Whether these various factors might be more important in some 
countries than others is currently not well understood.

The potential association of patient attitudes towards the diagnosis of hyperten-
sion and antihypertensive medication has been studied in relation to medication 
adherence [43]. However, most of these studies are small and lack statistical power. 
Studies on patient attitudes in relation to medication persistence do not seem to have 
been published.

13.8  Physician-Related Factors Associated with Medication 
Persistence to Antihypertensive Treatment

Physicians initiating antihypertensive treatment often individualize treatment for 
the specific patient. They know that hypertension should be treated but they also 
have to include global cardiovascular risk and concomitant disease and other 

Table 13.3 Patient, physician, and health care organization-related factors likely associated with 
medication persistence

Patient-related factors Sex, age, comorbidity, initial systolic blood pressure, education, 
income, country of birth, attitudes on a diagnosis of hypertension 
and on medication, perceived involvement in decision making

Physician-related factors Continuity, sex, number of visits to health care provider, clinical 
inertia

Healthcare organization-
related factors

Blood pressure monitoring, surveillance, potential incentive 
systems, local guidelines

M. Qvarnström et al.



181

conditions into consideration. The health care provider may also do an assess-
ment of the patients past medication-taking behaviour. Physician and health care 
provider- related factors studied in relation to medication persistence include 
continuity and the speciality of the prescriber, where a higher number of pre-
scribers influence treatment adherence in a negative way [44] (Table  13.3). 
However, few studies from primary health care have been published, and such 
studies are needed.

Clinical inertia is a condition when physicians or other health care providers fail 
to initiate or intensify therapy when indicated [45]. This condition is particularly 
common in hypertension and with other conditions for which resolution of patient 
symptoms do not guide care. Thus, there is evidence to suggest that antihyperten-
sive drugs treatment is not intensified (more drug classes added) in patients who do 
not meet target blood pressure [46, 47].

13.9  Healthcare Organization-Related Factors  
Associated with Medication Persistence 
to Antihypertensive Treatment

Also factors related to health care organization may influence medication persis-
tence significantly. There may be a lack of follow-up and of blood pressure monitor-
ing of patients with elevated blood pressures after initiating antihypertensive drug 
treatment. This may be due to poor access to health care providers, inconvenience 
of appointment scheduling, lack of incentives for follow-up, or other organization- 
related factors (Table 13.3).

It is also important to acknowledge the large differences between countries in 
the major characteristics of the organization of primary health care. There are 
differences in the ratio of primary care physicians to population, and in the 
extent to which patients relate to individual doctors. Furthermore, there are 
large differences in the mode of payment of primary care physicians, as well as 
to what extent primary care physicians have a gatekeeping function in the health 
system, resulting in large differences in the use of specialist services. Practice 
characteristics such as workload, length of consultation, ordering of tests and 
reappointments also vary with differences in payment and gatekeeping arrange-
ments [48].

 Conclusion

Medication persistence in the treatment of hypertension is associated with a 
reduction in cardiovascular outcome. Thus, studies on medication persistence are 
important. They may be valuable tools in identifying patient groups in need of 
targeted interventions to improve early blood pressure control and to prevent 
cardiovascular complications.
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14Drug Adherence in Resistant 
Hypertension

Idir Hamdidouche, Vincent Jullien, Stéphane Laurent, 
and Michel Azizi

14.1  Introduction

According to the European Society of Hypertension (ESH)/European Society of 
Cardiology (ESC) guidelines [1], hypertension is defined as resistant to treatment 
when a therapeutic strategy that includes appropriate lifestyle measures plus a 
diuretic and two other antihypertensive drugs belonging to different classes at ade-
quate doses (but not necessarily including a mineralocorticoid receptor antagonist) 
fails to lower office systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) values to below 140  mmHg and 90  mmHg, respectively. The NICE-UK 
guidelines recommend that the three-drug regimen should preferentially include a 
renin angiotensin system (RAS) blocker (i.e., an angiotensin-converting enzyme 
inhibitor, ACEI, or angiotensin II receptor blocker, ARB, but not both), a 
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long-acting calcium channel blocker (CCB) and a thiazide (or thiazide-like) diuretic 
in the absence of renal insufficiency [2]. The triple combination should be ideally 
given as a single-pill fixed-dose combination to improve adherence to treatment.

Despite the availability of multiple antihypertensive drugs, the prevalence of 
apparent resistant hypertension ranges from 5 to 30% of the overall hypertensive 
population [3, 4]. However, the prevalence of true resistant hypertension is lower 
(approximately 10%) after excluding pseudo-resistant hypertension. Pseudo- 
resistant hypertension may be due to (1) an alarm reaction during BP measurement 
called the white coat phenomenon, thus out-of-office BP measurements (ABPM or 
self-BP measurement at home) should be used, (2) a poor method of office BP mea-
surement, (3) heavily calcified arteries in the elderly patients, and finally (4) subop-
timal drug adherence [5–7].

Resistant hypertension is associated with a poor prognosis as shown by its asso-
ciation with target organ damage [8] and a high risk of occurrence of cardiovascular 
and renal events within a short time frame [5, 9].

True resistant hypertension is often multifactorial and may be favored by: (1) 
lifestyle factors such as obesity, excessive alcohol consumption, and high sodium 
intake; (2) intake of interfering drugs or substance; (3) undetected secondary forms 
of hypertension; (4) chronic kidney disease or arterial stiffening; and (5) obstructive 
sleep apnea [5–7].

Patients should be screened for a secondary cause of hypertension especially 
primary aldosteronism, atherosclerotic renal artery stenosis particularly in elderly 
patients or patients with chronic kidney disease [5–7]. Poor adherence to treatment 
should be identified but may be challenging in clinical practice (see below). Clinical 
inertia and the non-prescription of a rational triple therapy at adequate doses is 
another major factor contributing to inadequate BP control [10, 11].

Treatment combines lifestyle changes (reducing sodium intake), the discontinu-
ation of interfering substances, and the sequential addition of antihypertensive drugs 
to the initial triple therapy. Indeed, the cornerstone of therapy is diuretic treatment 
to decrease volume overload, together with salt intake restriction, particularly in 
patients with chronic kidney disease. The fourth-line treatment should be a miner-
alocorticoid receptor (MR) antagonists (spironolactone 25–50 mg/day) as shown in 
the PATHWAY-2 study [12] and other randomized trials and their meta-analysis 
[13]. If BP still remains uncontrolled, the stepwise addition of a beta-blocker, an 
alpha-1-blocker, and a centrally acting alpha-agonist may be needed [5–7]. BP mea-
surement should be performed regularly during follow-up to quantify the effects of 
the treatment modifications with careful monitoring of renal function, serum elec-
trolyte levels, and fluid status.

14.2  Non-adherence in Resistant Hypertension

Medication adherence can be defined as the process by which patients take their 
medications as prescribed and can fluctuate with time for various reasons [14, 15]. 
Non-adherence to antihypertensive medications and lifestyle measures is a key 
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factor underlying resistance to treatment, and this remains a major public health 
challenge [16]. According to Vrijens, “non-adherence occurs when a patient does 
not initiate a new prescription, implement as prescribed, or persist with treatment” 
[14, 15]. In patients with long standing and apparent resistant hypertension and 
frequent associated comorbidities, non-adherence is probably due more to a defect 
in implementation and persistence than in initiation of treatment.

Drug non-adherence should be suspected in all clinical situations where the pre-
scribed treatment is not associated with the expected clinical benefit. This is typi-
cally the case in apparent resistant hypertension as shown by several converging 
clinical facts. First, the determinants of drug non-adherence in hypertension over-
lap, at least partly, with the clinical characteristics of resistant hypertensive patients 
(young age, obese patients, with a high prevalence of depression and associated 
comorbidities and often treated with complex drug regimen); these characteristics 
make them vulnerable to the incorrect use of antihypertensive medications. Second, 
the adherence check by electronic pillbox monitoring or toxicological analyses 
improves the BP control in this subpopulation [17, 18], which further reinforces the 
partial responsibility of drug non-adherence in resistance to treatment. Third, vari-
ous studies have reported an alarming rate of non-adherence in patients with appar-
ent resistant hypertension by using direct measurement of antihypertensive drugs in 
urine or plasma by high-performance liquid chromatography coupled with mass 
spectrometry (HPLC-MS/MS), [19–23]. Thus, drug non-adherence is thus a real 
concern for clinicians when it comes to establishing the diagnosis of true resistant 
hypertension.

The prevalence of non-adherence to antihypertensive treatment is very high in 
apparent resistant hypertension. However, its precise estimates remain difficult to 
measure due to lack of robust definitions and gold-standard diagnostic methods, as 
evidenced by the large prevalence range (7–86%) reported in both observational 
studies and clinical trials [24]. Several observational studies from different coun-
tries showed that drug non-adherence as assessed by HPLC-MS/MS is much more 
common than initially reported, with more than 50% of patients with apparent resis-
tant hypertension being completely or partially non-adherent to the prescribed treat-
ment [19–23]. Despite the high prevalence of drug non-adherence in observational 
studies, drug adherence is seldom measured in clinical trials settings particularly in 
patients with resistant hypertension [25]. When measured, non-adherence was 
indeed very common even in the very controlled setting of a randomized controlled 
trial [26, 27]. We used ultra-high performance LC-MS/MS to assess drug adherence 
in the Renal Denervation for Hypertension (DENERHTN) randomized controlled 
in which renal denervation added to a standardized and optimized antihypertensive 
treatment was compared to the same standardized and optimized antihypertensive 
treatment alone in patients with ambulatory confirmed resistant hypertension. 
Despite patients were tightly monitored by providing monthly visits with the same 
dedicated healthcare team, signed a consent form for drug assay and no cost to the 
patient, the rate of non-adherence was still very high [27]. Almost ≈52% of patients 
were non-adherent to the prescribed antihypertensive therapy, with 13% of them 
taking none of the seven prescribed antihypertensive drugs after 6  months of 
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follow-up. Thus, beyond the clinical challenge of convincing patients with apparent 
resistant hypertension to adhere to their antihypertensive medication for both BP 
control and prognosis improvement, drug adherence may have also major, unpre-
dictable effects on the results of clinical trials including patients with resistant 
hypertension [26, 28]. Measurement of adherence should thus be incorporated in 
drug and device development studies [15, 29].

14.3  Assessment and Monitoring of Adherence  
in Resistant Hypertension

An ideal method for assessing and monitoring drug adherence should be reliable, 
practical, simple, and relatively cost-effective. However, there is no method that 
meets all these criteria. Various direct and indirect methods for assessing adherence 
to drug treatments have been developed in the past years [16, 30]. The direct meth-
ods include the direct observation of treatment intake in a medicalized setting, such 
as a BP clinic, the detection of a drug or its metabolite in blood or urine, or the 
determination of a pharmacodynamic marker [16, 30]. Indirect methods include 
patient questionnaires [31], self-reports, patient diaries, pill counts, prescription 
refill rates, the assessment of patient clinical response, electronic drug monitoring 
systems, and the determination of physiological markers [16, 30]. Pharmacodynamic 
markers of exposure to a given antihypertensive treatment include, for example, 
bradycardia in patients on beta-blockers, hyperuricemia or gout in patients on 
diuretics, increases in plasma renin concentration in patients on diuretics or RAS 
blockers, increases in urine N-acetyl-seryl-aspartyl-lysyl-proline (AcSDKP) con-
centration in patients on ACEI [32] and drug-related side effects.

The selection of the method to assess drug adherence is conditioned by its avail-
ability in the clinical setting and also by study goals [24]. In clinical practice, adher-
ence should be assessed systematically during every clinic visit for all patients with 
apparent resistant hypertension [33]. All medications and prescriptions should be 
reviewed with each patient at each clinical appointment. Patients may be asked how 
do they cope with their antihypertensive medications and associated co- prescriptions 
during their daily life by using validated questionnaires [31]. Although such patient 
self-report measures of adherence are known to be less accurate compared with 
direct measures by drug detection and can be manipulated by the patient [34], their 
use in a busy, resource limited clinical setting may have an educative value and may 
reinforce the relationship between patients and their care provider. So far, therapeu-
tic drug monitoring based on LC-MS/MS to detect the presence of a given pre-
scribed drug in plasma or urine samples is one of the best options to differentiate 
non-adherence from non-responsiveness among patients with apparently uncon-
trolled or resistant hypertension in clinical practice and in clinical trials [27, 28]. 
This approach is cost-effective [35] and can provide reliable information for the 
physician about his/her actual patient’s adherence based on directly measured 
parameter. However, the non-detection of a drug is not sufficient to conclude with 
certainty that the patient is not complying with antihypertensive treatment. Indeed, 
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multiple factors may strongly influence the pharmacokinetics of antihypertensive 
drugs, resulting in their non-detection in biological samples [24, 33]. Conversely, 
the detection of significant quantities of drugs in plasma or urine is not sufficient to 
confirm optimal adherence to treatment on a daily basis. Indeed, patients often dis-
play better adherence to treatment during the week before and the week immedi-
ately after medical visits [30]. This phenomenon, known as “the toothbrush effect,” 
may be amplified if the patients are aware that regular drug monitoring is carried out 
at each visit [30]. Therefore, these measurements give only an instant picture of 
adherence which is a dynamic process and can fluctuate over time. Electronic moni-
toring devices may also be of valuable help. However, such device may also intro-
duce some behavioral biases, for example, increased adherence, and, as such, their 
results may not be applicable to the general practice.

In conclusion, each method for measuring treatment adherence has advantages 
and disadvantages, and the method chosen depends on availability in the clinical 
setting [30]. Some methods are easy to use (standardized questionnaire, determina-
tion of physiological variables), whereas others, such as drug detection or the direct 
observation of treatment intake, are much more difficult to implement. Finally, a 
combination of methods is likely the most effective approach because it can identify 
different components of non-adherence and is therefore recommended [16].

14.4  Non-adherence and Clinical Outcomes

During the past decades, non-adherence to treatment has been increasingly recog-
nized as one major contributor of non-control of BP [21, 30, 36, 37] and poor car-
diovascular prognosis [38]. Moreover, in patients with resistant hypertension, 
Beaussier et  al. [28] showed that adherence to treatment not only contributes to 
optimal control of BP on the short term, but also to the regression of target organ 
damage, including changes in pulse wave velocity and left ventricular mass inde-
pendently of BP changes. Overall, observational studies consistently showed that 
adherence to antihypertensive therapy is associated with better cardiovascular and 
renal prognosis [39–42]. The beneficial impact of adherence to treatment is also 
reported in patients with other cardiovascular diseases and even, in different type of 
diseases [43]. High adherence to any cardiovascular treatment was associated with 
29% risk reduction in all-cause mortality in a recent meta-analysis including 44 
individual studies, involving nearly two million participants [44]. Conversely, drug 
non-adherence is associated with a high risk of cardiovascular events in a short time 
frame in the general hypertensive population [38, 45], but less is known in patients 
with in apparent resistant hypertension [24]. Therefore, non-adherence to treatment 
undermines the benefits of evidence-based therapy, possibly contributing to thou-
sands of deaths or major cardiovascular events, consequently inducing a major eco-
nomic burden on the health system [15]. Finally, in clinical trials assessing new 
therapeutic strategies or new treatments in hypertension, non-adherence to treat-
ment may lead to an underestimation of both the BP lowering efficacy and the 
adverse event rate [28].
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14.5  Understanding and Predicting Non-adherence 
in Resistant Hypertension

The reasons for poor adherence to treatment are multifactorial [16]. Treatment-, 
patient-, physician-, and healthcare system-related factors promote drug non- 
adherence in patients with resistant hypertension but prediction of non-adherence 
remains challenging [24]. Understanding and accurately capturing factors associ-
ated with non-adherence may help targeting the subgroup of patients with poor 
adherence to avoid unnecessary and potentially harmful treatment intensification, 
decrease the number of medical visits at specialized clinics, and allow implementa-
tion of strategies to improve drug adherence.

14.5.1  Treatment-Related Factors

Therapeutic regimen complexity contributes largely to non-adherence in patients 
with resistant hypertension treated by multiple therapies especially in the presence 
of comorbid conditions (diabetes, dyslipidemia, coronary heart disease, chronic 
kidney disease, depression, etc.). Indeed, significant decreases in drug adherence 
were reported 1 year after treatment intensification in previously adherent patients 
with apparent resistant hypertension [46], suggesting that adherence declined with 
regimen complexity. Daily dosing frequency is also inversely related to adherence 
[47]. Patients’ adherence may also be influenced by the antihypertensive drug 
class(es) used as shown by higher adherence to ARBs and ACEI and lower adher-
ence to diuretics and beta-blockers in a meta-analysis including a general popula-
tion of patients with hypertension [48]. However, the results of this meta-analysis 
may not be generalized to patients with apparent resistant hypertension, who are 
treated with multiple antihypertensive therapies. Indeed, several observational 
studies in patients with apparent resistant hypertension reported comparable and 
evenly distributed drug adherence to beta-blockers, diuretics, ARBs, or ACEI 
[20, 49]. Finally, drug-related side effect may influence negatively drug adher-
ence by altering quality of life especially in previously asymptomatic patients 
(e.g., coughing with ACEI, flushing or leg edemas with CCBs, sexual dysfunction 
with diuretics, spironolactone or beta-blockers, gout with diuretics, symptomatic 
hypotension, etc.).

14.5.2  Patients-, Physician-, and Healthcare  
System-Related Factors

Sociodemographic factors, such as age, ethnicity, sex, income, educational level, 
and cognitive function, may impact adherence to antihypertensive therapy [19, 49, 
50]. Indeed, young [19, 49] and female patients were more likely to exhibit non- 
adherence than men in apparent resistant hypertension [34, 50]. Non-white ethnicity 
and history of chronic heart disease are also related to non-adherence [50]. 
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Psychosocial factors, depression, excessive alcohol consumption, poor adherence 
with lifestyle changes, lack of health insurance, unemployment, low income, and 
the reward feeling of being recognized as a diseased person by the familial or the 
professional environment with associated financial and/or societal benefits, have 
also been associated with poor adherence with drug treatment [51–53]. It is also 
important to take into account the patient’s viewpoint and beliefs about the causes 
and effects of hypertension and its treatment which is far away from the physician’s 
perception [54]. Other factors include practical barriers to treatment and poor access 
to busy non-empathetic physicians, a poor healthcare provider–patient relationship, 
high drug, and appointment costs [51–53]. Too little time spent with patients; lack 
of explanation about hypertension, BP goals, the treatment strategy, the balance 
between the benefits and risk of treatment, and the need for life-long treatment; or 
lack of consideration of the patient’s complaints about drug-related side effects by 
the physician contribute all to a poor healthcare provider–patient relationship [55]. 
Indeed, in a chronic asymptomatic disease such as hypertension, the absence of 
perceived and immediate benefits from antihypertensive medications, which is 
often associated with the possibility of immediate drug-induced side effects, may 
discourage drug intake by the patients. Thus, perception of risks and benefits of 
medications impact greatly non-adherence in resistant hypertension.

Finally, although some of the aforementioned factors may predominantly con-
tribute to non-adherence in each individual patient, none of them taken individually 
may completely explain the complexity of patient’s behavior and attitude towards 
adherence to drug therapy. The combination of the contributing factors makes 
patients with apparent resistant hypertension even more vulnerable to the incorrect 
use of antihypertensive therapy. Overcoming and improving adherence to drug ther-
apy and lifestyle measures is therefore mandatory to help maximizing the potential 
benefits of antihypertensive therapy.

14.6  Overcoming Non-adherence

Efforts should focus on improving measurement, predicting non-adherence and 
developing interventions to improve adherence in both daily practice settings and 
clinical trials.

To overcome poor adherence, a combined approach including improved and 
renewed patient–clinician dialogue, simplification of prescriptions by the use of 
fixed-dose combination [56], monitoring of prescription refills, and, if available, 
toxicological analyses or pill boxes is necessary. Such approach involves strong 
partnerships between patients, care providers, biologists running LC-MSMS plat-
forms, pharmacologists, and payers [57]. Assessment of adherence during every 
outpatient visit may reinforce and renew care provider–patient relationships [24]. 
Open discussions on barriers to adherence, reinforcement of therapeutic education 
about the need for continued and life-long drug adherence, and addressing specific 
patient concerns may help for improving drug adherence [16]. In this context, 
implementation and enhancement of empowerment can promote self-management 
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skills that serve for the increase in drug adherence, as evidenced in other population 
with chronic disease [58]. Developing a routine for taking medication, use of elec-
tronic reminders and organizational tools are some of the simple educational strate-
gies by which may improve drug adherence [16]. Moreover, the use of once-daily 
single-pill double or triple combination therapies reduces pill burden [59], simpli-
fies treatment regimens without increasing the incidence of side effects, and may 
also improve adherence to treatment.

Multiple other interventions have also been shown to improve adherence in 
hypertension. Self-BP monitoring at home at best with teletransmission [60] may 
improve the patient’s adherence with drug treatment, but clinical trials have reported 
mixed benefits [59]. In six of 11 randomized controlled trials included in a system-
atic review, the use of “multimodal complex” interventions involving self-BP mea-
surement was associated with significant improvements in adherence to treatment 

Office BP ≥140/90 mmHg despite treatment with ACEI/ARB + CCB+
diuretics at maximum doses

Refer for ABPM

ABPM ≥ 130/80 mmHg ABPM < 130/80 mmHg

White coat effect or office BP
measurement errors

Adherence Monitoring

Adherent Non-adherent

Improve adherenceAdd MR antagonist 
(spironolactone or

eplerenone)

Exclude:
- Contributing lifestyle 

factors
- Interfering substances
- Secondary hypertension

Goal BP achieved

Continue treatment - Reassess adherence
- Stepwise addition of a beta-blocker, 

alpha-1-blocker, and a centrally acting 
alpha-agonist

- Consider for renal denervation

YES NO

Fig. 14.1 Algorithm for the management of resistant hypertension. CCB indicates calcium chan-
nel blocker, ARB angiotensin receptor blocker, ACEi angiotensin-converting enzyme inhibitor, MR 
mineralocorticoid receptor, ABPM indicates ambulatory BP monitoring, BP blood pressure
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[61]. Self-BP management with the self-titration of antihypertensive medication, 
using a precise treatment algorithm coupled to self-BP monitoring may improve 
adherence to treatment further, as shown in the TASMIN-SR randomized controlled 
trial [62]. However, these studies did not specifically include patients with resistant 
hypertension or monitor adherence with treatment, but it seems likely that the tele-
transmission of self-monitoring BP measurements and the self-titration of medica-
tion improve BP control through better adherence to treatment. These approaches 
require the active and motivated participation of well-educated and trained patients 
without cognitive deficiencies reducing their external applicability to all patients 
(Fig. 14.1).

Support from health professionals, including pharmacists and nurses, counsel-
ing, motivational support or cognitive behavioral therapy, and additional help from 
the family may also increase adherence to treatment [63]. Technological interven-
tions for education, counseling, self-monitoring, feedback, and electronic reminders 
are increasingly being used, but the evidence concerning their efficacy for improv-
ing adherence to treatment is inconsistent [64].

Finally, the use of electronic pill monitors improves BP control, probably by 
improving adherence to treatment [65, 66], but these devices are expensive and not 
readily available outside of clinical trials. A new technology consisting of ingestible 
sensors embedded in tablets, a skin-worn receiver patch, and a mobile device based 
is in development to provide adherence patterns in real time by wirelessly observed 
therapy [67].

 Conclusions

Non-adherence to antihypertensive therapy has become increasingly recognized 
as the dominant risk factor for apparent resistant hypertension. Undiagnosed or 
undeclared non-adherence may lead to (1) various additional (sometimes inva-
sive and often expensive) diagnostic tests in specialized centers to identify the 
cause of the poor response to antihypertensive medications, (2) inappropriate 
intensification of antihypertensive treatments, and (3) excess use of healthcare 
system resources. Accurate, cost-effective and practical screening tools are 
needed to target interventions. Because drug non-adherence is recognized as a 
multifactorial phenomenon, interventions to improve it are likely a combination 
of different strategies. In a recent published systematic review of randomized 
controlled studies [63] to promote drug adherence in chronic medical conditions, 
the combination of educational, social, and behavioral strategies was effective at 
improving drug adherence but their implementation remains challenging when 
facing the increasing prevalence of hypertension and the resources usually avail-
able [68, 69]. The use of appropriate and personalized daily doses of the avail-
able drugs, efforts to decrease physician inertia, to improve compliance with 
treatment and access to healthcare, and to decrease treatment costs remain major 
objectives for reducing the incidence of resistant hypertension and the associated 
target organ damage and poor prognosis.
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15.1  Introduction

Dyslipidemia is a common comorbidity among people with hypertension. 
Hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors or statins 
have been the mainstay of the management of dyslipidemia during the past three 
decades. Their efficacy in lowering low-density lipoprotein cholesterol (LDL-C) 
levels and reducing the risk of cardiovascular events, all-cause and cardiovascular 
mortality, and need for revascularizations has been convincingly demonstrated [1]. 
Proportional reductions in major cardiovascular events per mmol/L LDL-C reduc-
tions produced by statin therapy seem to be similar in various patient subgroups, 
including those with or without hypertension.

Joint European Societies’ guidelines recommend use of statins depending on the 
individual’s total cardiovascular risk and LDL-C levels [2, 3]. For patients at very 
high cardiovascular risk (defined as established cardiovascular disease [CVD]; dia-
betes and complications or ≥1 major risk factor such as hypertension; severe chronic 
kidney disease; or an estimated 10-year risk of fatal CVD ≥10%), guidelines rec-
ommend a LDL-C target of <1.8  mmol/L or, if not achieved, at least a 50% 
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reduction in LDL-C. Lipid-modifying medication is recommended for all patients 
with myocardial infarction regardless of LDL-C levels and for other very high risk 
patients with LDL-C levels above the target. For patients with high risk (an esti-
mated 10-year risk of fatal CVD 5%–<10%; markedly elevated single risk factor, 
e.g., blood pressure ≥ 180/110 mmHg; moderate chronic kidney disease; most other 
patients with diabetes), medication is recommended if the LDL-C level is above the 
target value of <2.6 mmol/L.

Also the efficacy of acetylsalicylic acid or aspirin therapy in reducing the risk for 
fatal and nonfatal cardiovascular events among patients with established atheroscle-
rotic CVD is well documented [4]. Current guidelines recommend that adults with 
atherosclerotic CVD take low-dose aspirin or other antiplatelet agents as secondary 
prevention of recurrence of cardiovascular events [2]. In contrast, among primary 
prevention populations, regardless of presence of hypertension or diabetes, use of 
aspirin is not recommended because of increased risk of serious bleeding events.

In Europe, prescription rates of statins and aspirin among patients with a recent 
acute coronary syndrome (ACS) [5–7] and among patients with stable coronary 
artery disease (CAD) [8] have been high in recent reports. In EUROASPIRE IV, a 
survey of patients hospitalized for CAD conducted in 24 European countries in 
2012–2013, average prescription rates at discharge were 98% for aspirin (or other 
antiplatelet) and 90% for statins [7]. These rates are higher than for other guideline- 
recommended secondary prevention medicines, i.e., beta-blockers, and angiotensin 
converting enzyme inhibitors (ACEI)/angiotensin II receptor blockers (ARB). 
Almost 40% of patients were prescribed high intensity statin therapy (≥40 mg ator-
vastatin, ≥20 mg rosuvastatin or specific statin combinations with ezetimibe) [9]. 
Despite the high prescription rates of lipid-modifying therapy, only one in five 
patients achieved the guideline-recommended LDL-C target.

Following the changes in guideline recommendations [10], statin use has gradu-
ally expanded from secondary prevention in patients with established atheroscle-
rotic CVD to primary prevention in individuals with cardiovascular risk factors 
[10–12]. For individuals at low to moderate cardiovascular risk, European guide-
lines recommend a LDL-C goal of <3 mmol/L [2, 3]. However, as in secondary 
prevention, only a minority of the statin-treated individuals in primary prevention 
reach the lipid goals. Non-adherence to statins has been shown to greatly affect 
LDL-C levels [13] and to lead to dose escalation in clinical practice [14]. Thus, non- 
adherence to or discontinuation of statins is clearly one of the main reasons for 
inadequate LDL-C lowering in both primary and secondary prevention populations. 
Similarly, there is evidence that non-adherence could explain nearly half of the 
cases of so-called aspirin resistance [15].

15.2  Patterns of Non-adherence

Individuals who are prescribed cardiovascular medicines may become non-adherent 
during different stages of their treatment. Primary non-adherence occurs when new 
prescriptions are not filled or dispensed medicines are not initiated. Secondary 
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non- adherence occurs when an initiated medicine is not taken as prescribed or it is 
discontinued prematurely. Primary adherence, when defined as filling of the initial 
prescription for a medicine, can only be measured if prescriptions issued to an indi-
vidual can be captured. The expanding use of electronic prescribing allows for a 
more complete identification of new prescriptions and when these are matched to 
dispensation records, estimation of primary non-adherence rates. To date, studies on 
refill adherence (secondary adherence) have dominated research on adherence to 
cardiovascular medicines because of readily available pharmacy dispensing or 
claims data [16]. Adherence to low-dose aspirin is an exception as aspirin is non- 
reimbursable in many health systems and can also be obtained over the counter. 
Consequently, the majority of studies have measured adherence to aspirin by self- 
report [17].

Notwithstanding the variation in adherence measures used, populations and set-
tings studied, non-adherence to cardiovascular medicines is common. Furthermore, 
it is increasingly recognized that use of cardiovascular medicines is a dynamic pro-
cess where adherence often declines over time [17] but can also improve in response 
to acute cardiovascular events [18]. Similarly, discontinuation may be followed by 
restarting medicine use after shorter or longer periods of time [19–22]. Next, preva-
lence and incidence of non-adherence to statins and low-dose aspirin at different 
stages of treatment are discussed.

15.2.1  Initiation and Early Discontinuation

In database studies, primary adherence assesses if a newly issued prescription is 
dispensed, and early discontinuation assesses if an individual who initiates treat-
ment by having a new prescription dispensed continues the treatment by refilling the 
prescription. Studies based on closed pharmacy systems have found relatively low 
primary non-adherence rates (5–8% during the first 4 months) for both statins [23–
25] and aspirin [24, 25] among patients hospitalized for an acute cardiovascular 
event, and for statins also in mixed populations of primary and secondary preven-
tion patients [26, 27]. Despite the use of a longer, 9-month follow-up period, a much 
higher rate of primary non-adherence (about 40%) to antihypertensive and lipid- 
lowering medications was reported in a Canadian database study when considering 
prescriptions for a new indication [28]. Among patients switching to another lipid- 
lowering medication, the rate was only 8%. Furthermore, database studies indicate 
that another 10–18% of statin initiators do not fill a second prescription within 
1 year following the first prescription [20, 29, 30]. These rates of early discontinua-
tion seem somewhat lower among patients with pre-existing hypertension, coronary 
heart disease, or diabetes [29–31].

Data from US acute myocardial infarction (AMI) registers collected through 
patient interviews suggest that the largest drop in use of secondary prevention med-
icines prescribed at hospital discharge occurs within a month following the dis-
charge [32, 33]. This drop is likely to represent primary non-adherence, or 
alternatively early discontinuation. In a study of over 6000 patients enrolled in two 
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AMI registers in 2003–2008, 1  month after discharge on aspirin, statins, beta-
blockers, and  ACEI/ARB only 50–70% of the patients reported using all prescribed 
medicines [32]; up to 24% did not use aspirin and up to 30% did not use statin. The 
highest rates of non-use were observed among patients at highest estimated mortal-
ity risk, suggesting that the “treatment-risk paradox,” where high-risk patients do 
not receive guideline- recommended medications, may extend to medication 
adherence.

15.2.2  Implementation

During the implementation phase, individuals may deviate from the prescribed 
treatment by taking more or less of their medicine or take it at the wrong time. 
Dosage regimen for statins and aspirin is typically simple. For example, for statins 
the instruction is one tablet per day for more than 95% of the patients without speci-
fication of timing [34] or to be taken at bedtime [35] which decreases the risk of 
wrong timing.

Numerous studies have estimated statin adherence based on pharmacy dispens-
ing or claims data and employed proportion measures such as medication posses-
sion ratio (MPR) or proportion of days covered (PDC), typically defining 
non-adherence as MPR/PDC <80% [16, 36]. A meta-analysis of 24 studies includ-
ing over 600,000 statin users reported an average non-adherence rate of 51% (range 
12–76%) at 1 year [36]. When stratifying studies by the study population’s preven-
tion status, another meta-analysis of 11 studies with varying follow-up times showed 
that the average prevalence of non-adherence was much lower in secondary preven-
tion (24%) than in primary prevention populations (43%) [37]. The studies included 
in the preceding meta-analyses measured adherence by identifying patients filling a 
first statin prescription and then following claims or dispensation records for subse-
quent refills. That is, they did not account for primary non-adherence and also 
assumed that all dispensed medicines are consumed, which leads to overestimation 
of the proportion of individuals actually taking medicines as prescribed.

In addition to estimating averages of MPR/PDC or rates of non-adherence over 
a specified time period, other medication taking patterns can be explored using 
pharmacy refill data. Group-based trajectory modeling (GBTM) can summarize 
long-term adherence better than the conventional PDC or MPR method as it consid-
ers dynamics of adherence over time instead of compressing all the information into 
a single number for the whole observation period [38]. GBTM is used to identify 
clusters of individuals with similar adherence patterns and to assign them into 
groups based on model estimates. Figure 15.1 shows six adherence patterns dis-
cerned by GBTM in a Finnish primary prevention cohort during an 18-month fol-
low- up since statin initiation [39]. Based on GBTM, the estimated proportion of 
those with virtually no dispensations after the first one (trajectory of very rapidly 
declining adherence) is 16%. This corresponds well to the previously mentioned 
proportions of individuals with only one prescription fill. The decision on the 
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number of trajectory groups is somewhat arbitrary, and thus the groups identified by 
GBTM are likely to be model-driven rather than real.

Most of the information on adherence to aspirin comes from older, relatively 
small studies that have used a variety of adherence measures including self-report 
[40], electronic monitoring devices [41–43], and biochemical testing to assess phar-
macodynamic responses [44]. The estimated rates of non-adherence have ranged 
widely from about 10% [44] up to almost 50% [40, 45]. A study that assessed adher-
ence to the four guideline-recommended therapies among 208 patients following 
ACS using the medication adherence scale found similar rates of non-adherence 
across therapeutic classes; 46% of the patients reported some level of non- adherence 
to aspirin, typically due to forgetfulness [40]. Two studies measuring adherence 
with an electronic monitor observed that patients with CAD followed their pre-
scribed twice-a-day aspirin regimen approximately 65–70% of the days during a 
3-week observation period [41, 42]. Another study of 172 post-ACS patients mea-
sured adherence with a medication event monitoring system over a 3-month period; 
23% of the patients were deemed non-adherent (took aspirin <80% of the days as 
prescribed) [43]. Overall, in patients with established CVD, adherence to low-dose 
aspirin seems comparable to adherence to statins and antihypertensive medicines 
[16, 37, 40, 46].

Fig. 15.1 Six statin adherence trajectories identified with group-based trajectory modeling among 
new Finnish statin users in primary prevention. The solid lines present the predicted probability of 
adherence and the dashed lines the observed proportion of adherent individuals in each trajectory 
group. (Modified from [39]. http://circoutcomes.ahajournals.org/content/early/2016/10/18/
CIRCOUTCOMES.116.002728)
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15.2.3  Discontinuation and Reinitiation

Statins, regardless of patient’s prevention status, and low-dose aspirin in secondary 
prevention are purported for lifelong use. Yet patients frequently discontinue these 
therapies. When measured within the same study, persistence with aspirin therapy 
has been similar or better than persistence with statins or antihypertensive medi-
cines [5, 6, 33, 40, 47–50]. In studies of patients enrolled in US AMI registers, self- 
reported 6-month discontinuation rates have ranged from 4 to 26% for aspirin and 
from 10 to 33% for statins [32, 49, 51], with no discernible further decrease in per-
sistence at 1  year [32]. Surprisingly, similar 1-year discontinuation rates were 
reported for aspirin (8–16%) and statins (16–23%) by recent European database 
studies of AMI survivors [5, 6].

An extensive number of studies have focused on persistence with statins [52]. A 
majority of these studies have employed refill data and adopted the permissible gap 
method, that is, defined a maximum break between two consecutive refills after 
which users are deemed to have discontinued treatment. Wide variation in permis-
sible gaps employed (30–365 days) is one reason for large variation in produced 
estimates. A systematic review on statin persistence among older people reported 
that median discontinuation rates increased from about one-fourth at year one to 
almost 40% at year four [52]. Median 1-year discontinuation rate was 24% in pri-
mary prevention 17% in secondary prevention.
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Fig. 15.2 Estimates of probability of restarting statin therapy after discontinuation using a per-
missible gap of 90, 180, or 270 days. (Reprinted by permission from Springer Nature: Springer 
lnternational Publishing AG. European Journal of Clinical Pharmacology. Dynamics of long-term 
statin therapy [20])
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A few database studies have demonstrated that a majority of individuals who 
discontinue statin use reinitiate the use sooner or later [19, 20, 22, 53]. Of over 
30,000 Finns who initiated statin use in 1997, almost every second discontinued the 
use for at least 180 days during the following 10 years; however, about nine in ten 
discontinuers reinitiated statin use by the end of 2007 (Fig. 15.2) [20]. Only 28% of 
those who initiated statin use in 2007 had never used statins before. A study of 
almost 300,000 statin initiators in the UK in 2002–2013 reported discontinuation 
rates (using a 90-day gap) of 13 and 9.6 per 100 person-years for the primary and 
secondary prevention patients, respectively. About three in four discontinuers in 
both prevention groups reinitiated statin use within 2 years after discontinuation 
[22], similarly to the Finnish cohort [20]. Frequent stopping-restarting of statin use 
and intermittent use seen among aspirin users [21] may be part of poor implementa-
tion or execution of treatment rather than non-persistence.

15.3  Risk Factors for Non-adherence

The reported rates of non-adherence to statins and aspirin vary considerably because 
of the differences in adherence measures used and populations and settings studied, 
but this variation is also likely to reflect the multitude and complexity of determi-
nants of non-adherence. This section discusses risk factors for non-adherence to 
statins and aspirin categorized as factors related to the patient, condition, therapy, 
and health system, as well as socioeconomic factors, acknowledging the complex 
interplay among the five categories and individual factors [54]. Table  15.1 lists 
examples of risk factors for non-adherence found to be associated with non- 
adherence to statins or aspirin within each of the five categories.

As the rates of non-adherence [16], the general reasons for non-adherence are simi-
lar for statins, aspirin, and other cardiovascular medicines. There is an extensive body 
of literature dealing with predictors of adherence to statins dominated by studies based 
on administrative healthcare data. In studies aggregating risk factors for non-adherence 
to those related to the patient, including clinical and sociodemographic characteristics, 
health system, and payment, factors related to the patient and payment have been found 
to contribute most to the prediction of statin adherence [63, 65]. However, even when 
taken together, variables available in administrative databases do not seem to provide 
useful prediction for adherence [63, 65]. Most importantly, they cannot address patient-
reported reasons [70]. As it is the patient who eventually decides whether or not to initi-
ate and continue use of the prescribed medicine, understanding the patient perspective 
on non-adherence is crucial for any attempt to improve medication adherence.

15.3.1  Patient Factors

Patient-related dimension of non-adherence includes both physical and psychologi-
cal/behavioral characteristics of the patient [71]. Prevalence of physical risk factors 
for non-adherence such as visual or cognitive impairment [72] increases with age. 
However, the associations observed between age and non-adherence to statins and 
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aspirin have been inconsistent. No robust association between other sociodemo-
graphic attributes, such as sex or marital status, and non-adherence has been identi-
fied either [17, 36, 63, 73].

Psychological and behavioral factors are among the most important determinants 
of non-adherence. They include patients’ knowledge about their condition, per-
ceived susceptibility to disease, understanding the reason medicine is needed, 
expectations or attitudes toward treatment, perceived benefit of treatment, motiva-
tion, fear of possible adverse effects, frustration with healthcare providers, psycho-
social stress, anxiety, and lifestyle-related factors, such as alcohol misuse [71]. 
Patients’ beliefs about the prescribed medicines have been demonstrated to predict 
adherence after AMI, with those patients with greater perceived necessity of pre-
scribed medicines and lower concerns about adverse effects being less likely to 
report missing doses of lipid-lowering and other secondary prevention medicines 
[55]. In addition, patient-reported reasons for discontinuation of post-AMI medi-
cines include the belief that these medicines are not helping with the condition [74]. 
In a survey of statin-treated patients, the most commonly reported reasons for dis-
continuing statins were experiences of adverse effects, feeling that treatment was 
unnecessary, and worry about developing adverse effects [61]. Compared to con-
tinuers of statin therapy, discontinuers felt more commonly that statins provided 

Table 15.1 Examples of potential risk factors for non-adherence to statins and aspirin

Medicine/category Risk factors for non-adherence
Statins
Patient Lack of perceived necessity for heart medicines [55]

Perceived concern about heart medicines [55]
Smoking [56]
Risky drinking [29, 57, 58]

Condition Primary prevention [22, 36]
Depression [59]
Absence of diabetes or hypertension [22, 60]
Liver disease [22]

Therapy Fear or experience of adverse effects [61, 62]
Socioeconomic High copayment [63]

Low socioeconomic status (men) [39]
Retirement [64]

Health system Lack of lipid tests [36]
Treatment by a non-cardiologist [65]
Lack of patient counseling [61]

Aspirin
Patient Female sex [48]

Smoking [48, 66]
Condition Symptomatic angina pectoris [42]

Depression [67]
Diabetes [48, 66]

Therapy Experience of adverse effects [68, 69]
Socioeconomic Being migrant [66]

Living in community (vs. long-term care facility) [24]
Health system Treatment by a non-cardiologist [51]
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limited benefit or were unsure of these benefits and less commonly knew that statin 
therapy would be long-term.

Patient-related reasons for non-adherence are often grouped to intentional and 
unintentional. Intentional non-adherence is deliberate: patients actively decide not 
to use their medicine according to recommendations. This is driven by patients’ 
beliefs and experiences [75]. Unintentional non-adherence is more passive and 
includes, for example, forgetting to take medicines or forgoing medicine use because 
of low health literacy. Despite the different nature of these two behaviors, also unin-
tentional non-adherence has been linked with patient beliefs. Accordingly, in a US 
survey among adults with chronic disease (e.g., hyperlipidemia or hypertension), 
unintentional non-adherence did not appear random and was predicted also by med-
ication beliefs [75].

Unhealthy lifestyle including smoking [56, 76–79], risky drinking [56–58], and 
clustering of several unhealthy behaviors [58] have predicted non-adherence to 
lipid-lowering medicines in mixed populations and among patients with established 
CVD, hypertension, or diabetes. Risky drinkers in particular may intentionally 
avoid taking their medicine because of potential drug-alcohol interactions, but they 
may also unintentionally miss doses or even refills due to intoxication, or they may 
just be less concerned about missing doses [58].

As the use of electronic health records and prescribing is expanding, pharmacists 
and physicians could use information on individuals’ past adherence behavior to 
identify those individuals at increased risk of future non-adherence. For example, 
the time elapsed between prescription and dispensing of the initial statin was directly 
associated with the likelihood of non-adherence during the following year in one 
study [63]. Another study found that refill adherence to antihypertensive medicines 
prior to hospitalization for ACS predicted adherence to statins after the event [80]. 
In fact, past prescription refill behavior may predict adherence better than do 
patients’ prospective health beliefs [81].

15.3.2  Condition

Adherence to medicines used to treat symptomless conditions such as dyslipidemia 
or to prevent a future adverse event presents a challenge to patients and their physi-
cians. This is no surprise in the light of low adherence rates observed even in the 
aftermath of acute CVD events [18, 24]. In a US study of older statin users surviving 
an AMI, the prevalence of non-adherence (PDC < 80%) was even higher (>40%) 
during the 6 months following the event than before it [18]. However, statin users 
who were non-adherent prior to the AMI were almost twice as likely to become 
adherent after it compared to their nonhospitalized counterparts and non-adherent 
statin users hospitalized for other reasons. That is, for non-adherent medicine users 
in particular, hospitalization for a cardiovascular event can serve as a teachable 
moment [82]. This moment could provide clinicians and other health professionals 
an opportunity for motivating patients to adhere to their medication by pointing out 
the linkage between the prevention of recurrent events and adherence.
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Overall, adherence to statins seems better when patients have a history of CVD 
or cardiovascular risk factors in addition to elevated LDL-C [22, 30, 36, 60, 83]. 
Coexisting type 2 diabetes and hypertension have been associated with better statin 
adherence in primary prevention populations [22, 60]. Furthermore, among indi-
viduals free of established CVD, diabetes, and chronic hypertension, overweight 
and obesity predicted better adherence in one study [58]. Another study found that 
higher baseline LDL-C levels predicted better persistence with statins among indi-
viduals without CVD or diabetes [84]. The preceding observations are consistent 
with the health belief model positing that individuals’ perceived disease risk affects 
their behavior [85].

Also persistence to aspirin has been linked to the presence of cardiovascular 
comorbidities, hypertension, or diabetes in a mixed population [21] while presence 
of diabetes has also predicted less consistent use of aspirin in patients with CAD 
[48]. Surprisingly, one small study of patients with CAD found that patients report-
ing symptoms of angina were less adherent to aspirin than patients with silent isch-
emia [42]. Without the stimulus of immediate improvement in symptoms, 
symptomatic patients may focus their attention to medicines that provide symptom 
relief rather than to prophylactic aspirin. One explanation for the observed differ-
ence in adherence between patients with symptomatic and silent ischemia is depres-
sion which was more common among patients reporting symptoms. Another study 
that measured adherence to aspirin using the medication event monitoring system 
reported that over 40% of patients with persistent depressive symptoms were non- 
adherent (taking aspirin ≤75% of the monitored time) during 3 months after ACS 
compared to 10% of the patients without depression [67].

Overall, a meta-analysis of US studies on medication adherence among patients 
with chronic conditions found that patients with depression have almost twice the 
odds of being non-adherent to cardiovascular medicines compared to their counter-
parts free of depression [86]. Studies that have measured adherence based on phar-
macy records have reported somewhat weaker associations between depression and 
non-adherence to statins [59, 63, 87, 88]. Among patients with depression, lack of 
energy, motivation, withdrawal from social contacts, hopelessness, or cognitive 
changes among other things may contribute to the lack of the readiness and ability 
to adhere to cardiovascular medicines. Also, post-traumatic stress disorder, com-
mon after cardiovascular events, correlates with non-adherence to secondary pre-
vention medicines, independently of depression [89, 90].

The association between anxiety and adherence to preventive therapies is less 
straightforward as anxiety is a heterogeneous disorder ranging from panic to gener-
alized concern about one’s health. Being anxious about one’s health and fear of 
complications of the underlying condition can promote adherence while concerns 
about potential adverse effects of the medicine can lead to non-adherence [91]. 
Anxiety has been linked to increased risk of non-adherence to statins and cardiac 
medicines in studies employing self-reported measures of anxiety [88, 92]. Frequent 
experiences of somatic symptoms of anxiety such as muscle twitching or chest pain 
upon anger in particular seem to predict non-adherence to statins [88], potentially 
due to misattribution of regular physiological reactions to the medicine. In database 
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studies, diagnosed anxiety disorder or use of anxiolytic medicines has been linked 
with a decreased risk of non-adherence to statins [93, 94], which suggests that treat-
ment of anxiety might improve adherence.

15.3.3  Therapy

Characteristics of the therapeutic regimen or the medicine itself can affect adher-
ence. The typical “once-daily” dosage regimen for low-dose aspirin and statins is 
simple. Requirement for more frequent dosing is one likely reason for the reported 
lower adherence to other lipid-lowering medicines [95]. Nevertheless, a once-daily 
dosing schedule may lead to non-adherence if it does not match patients’ daily rou-
tines [35, 81]. For secondary prevention patients, a statin or aspirin is only one of 
several medicines that must be taken regularly and indefinitely. A post-ACS regi-
men alone may include up to six distinct medicines. Accordingly, lack of reminder 
tools (e.g., pillbox) predicted non-adherence after ACS in one study [96]. Among 
US patients who initiated antihypertensive and lipid-lowering medicines at the 
same time, adherence to these two therapies was inversely associated with the 
number of medicines the patient was already taking [97]. Overall, results on the 
association between the number of medicines in use and non-adherence are mixed 
and may vary depending on whether medicines considered are for related or unre-
lated conditions [22, 46]. In fact, the complexities introduced by the health system 
(e.g., receiving prescriptions from several physicians or filling prescriptions at dif-
ferent pharmacies) may be more important as a risk factor for non-adherence than 
polypharmacy [98].

Whether it is knowledge, fear, or experience of them, adverse effects are the 
primary reason for non-adherence to or discontinuation of aspirin [45] or statin 
therapy [61, 99] given by the patients themselves. Gastroduodenal adverse events 
associated with aspirin use, including nausea, vomiting, dyspepsia, and bleeding, 
have been well documented even at the low doses used for cardioprotection [45]. 
The occurrence of bleeding is dose-dependent but even the low dose (75 mg) dou-
bles the bleeding risk compared to non-use [100]. Estimated proportions of aspirin 
discontinuation attributed to adverse effects range from less than 10% to almost 
50% [45]. A multicenter observational study found that 13% of the patients discon-
tinued use of aspirin during a 3-month follow-up, and those who experienced more 
than three episodes of gastrointestinal symptoms during the preceding week had a 
2.6-fold risk of discontinuation compared to those with no episodes [68].

While statins are considered as among the safest medicines, statin therapy is 
associated with increased risk of myopathy and diabetes mellitus, and probable 
excess in hemorrhagic stroke [1]. Observational studies have reported much higher 
rates of symptoms of statin intolerance or discomfort, particularly muscle-related 
adverse effects, than have clinical trials, ranging from 10 to 28% among current 
statin users [61, 62, 101, 102]. Most importantly, 60% of former statin users reported 
having experienced muscle-related effects and 62% reported adverse effects as the 
reason for discontinuation of statin treatment in a large internet survey [61]. In a 

15 Drug Adherence with Cardiovascular Medicines: Statins and Aspirin



210

Finnish survey of over 800 current and former statin users with CAD, chronic 
hypertension, or diabetes, former users were twice more likely to report concerns of 
adverse statin effects and four times more likely to report having experienced them 
compared to current users [62]. Qualitative research on reasons for non-adherence 
to statins has confirmed the importance of patients’ concerns about adverse effects 
as a key barrier to adherence [99]. Higher statin doses have been associated with 
higher rates of early discontinuation in some [30] but not all studies [22]. This asso-
ciation may be mediated through experiences of adverse effects.

15.3.4  Socioeconomic Factors

High medication costs or copayment have been consistently identified as predictors 
of statin non-adherence [36, 63]. However, availability of low-cost aspirin or generic 
statins, or even full medication coverage does not necessarily remove limited finan-
cial resources as a barrier to adherence. When Choudhry et  al. [103] evaluated 
patients given free secondary prevention medicines after AMI, average PDC 
remained at <60% for statins, beta-blockers, and ACEI/ARB during the 6 months 
following the event. This observation is supported by a study from Finland, a coun-
try with universal healthcare and medication reimbursement systems, which found 
that the association between low income and non-adherence to statins prescribed for 
primary prevention in men was not attenuated when patient’s out-of-pocket statin 
costs were considered [39]. Similarly, low income was associated with worse statin 
adherence despite access to free medical care in a French post-AMI cohort [104].

Retirement is a relevant life transition that can change various aspects of life, 
such as daily routines, social networks, income, access to healthcare, and, therefore, 
affect the continuity of care, including medication. Interestingly, retirement has 
been shown to associate with a substantial decrease in the prevalence of suboptimal 
health [105]. The perception of fewer symptoms of ill health may lead to a decreased 
motivation to take medications for a symptomless condition. An increase in non- 
adherence to and discontinuation of statins was observed after retirement in a large 
population-based cohort study in Sweden [64]. Increase in the risk of discontinua-
tion was even larger among patients in secondary prevention than among retirees in 
primary prevention. Therefore, post-retirement increase in non-adherence would be 
important for healthcare providers to recognize.

15.3.5  Health System and Environmental Factors

Healthcare providers have an important role in adherence to cardiovascular medi-
cines. Frequent contact with healthcare provider and lipid tests soon after initiation 
have been found to predict better adherence to statins [36, 70]. Continuity of 
patient–provider relationship is important; in one study, patients’ likelihood of 
resuming statin therapy tripled after a visit with a physician and increased sixfold 
after a visit with the physician who had written the initial prescription [19]. The 
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level of expertise that patients are exposed to following an acute event may also play 
a role as care by a cardiologist rather than a non-specialist has predicted primary 
adherence to secondary prevention medicines [23] and better persistence to aspirin 
at 6 months after ACS [51].

Physicians may contribute to non-adherence by prescribing unnecessarily com-
plex regimens and also by failing to explain the benefits and adverse effects of a 
medicine. Accordingly, in one study, patients with higher persistence with second-
ary prevention medicines after AMI reported more often that their provider had 
explained the reasons and potential adverse effects of medicines [49]. Among statin- 
treated survey respondents, continuers of the therapy reported more commonly 
being satisfied with physician’s counseling than did discontinuers, which also calls 
for more intensive physician–patient dialogue [61].

Practical issues such as package size and dispensing channels can also affect 
adherence to cardiovascular medicines. A US study reported that patients obtaining 
greater quantities of statins at prescription fills (60-day vs. 30-day supplies) were 
more likely to be adherent and also have lower LDL-C levels [106]. Another US 
study found that home delivery of medicines predicted better adherence to antihy-
pertensive, antidiabetic, and lipid-modifying medicines compared to filling pre-
scriptions using retail channels [107]. Filling of prescriptions may be simply too 
burdensome for some patients, leading to non-adherence.

More distal factors beyond the health system may affect adherence to cardiovascu-
lar medicines. Negative media coverage is an example of environmental factors that 
may affect public perceptions of safety and effectiveness of medicines. Studies from 
different countries have demonstrated increases in rates of discontinuation of statin 
therapy following negative news stories [30, 108, 109]. Most importantly, increases in 
discontinuation were seen in both primary and secondary prevention populations [108, 
109]. These observations accord with those from a patient survey in Finland where 
almost 30% of statin discontinuers with CAD, hypertension, or diabetes gave public 
discussion about adverse effects as the reason for discontinuing the therapy [62]. In 
Denmark, the negative nationwide statin-related news stories were estimated to have 
translated to a 2% increase in the risk of myocardial infarction through increased dis-
continuation [30]. Identifying the information sources patients use to learn about medi-
cines and stressing the benefits of the therapy at the time of prescribing and discussion 
of potential adverse effects and their incidence and seriousness may influence how 
patients filter information from these sources. As many patients seem to discontinue 
medicine use without consulting healthcare providers [61, 62], tackling non-adherence 
to cardiovascular medicines may require broader action involving researchers, the aca-
demic press, and lay media in addition to the health system.

 Conclusions

Adherence to statins and aspirin is undeniably a complex behavioral process 
affected also by the broader environment in which people live, and healthcare 
providers and systems operate. Whatever the reasons are, non-adherence to these 
medicines is prevalent and has been demonstrated to lead to worse health out-
comes, such as increased risk of CVD events and mortality [16, 110] and higher 
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healthcare costs [110]. Adherence to evidence-based cardiovascular medicines 
needs improvement but this process has to face the complexity of the phenome-
non itself and the numerous factors affecting it.
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16Which Interventions Are Useful?

Todd Ruppar

The number of studies testing interventions to improve adherence to medications is 
currently in the thousands. The overall impact of adherence intervention trials has 
shown that it is possible to improve medication adherence, but some interventions 
are more effective than others [1–4]. Intervention effectiveness will vary based on 
patients’ individual situations and needs. While it would be nice to have a single 
intervention or intervention program that would improve medication adherence for 
all patients, this approach does not fit the reality of diverse patient populations. No 
single intervention will be effective for all patients [1, 2].

Interventions have also not shown a consistent impact on improving clinical out-
comes, even when the intervention is successful at improving adherence behavior 
[4]. The reasons for this are unclear and may be due to multiple factors. For instance, 
it is possible that the improvement in adherence is still too small to have an effect 
on the associated clinical outcome. Another possibility, and possibly more likely, is 
that there are many factors which influence change in clinical outcomes (blood pres-
sure is a good example of this), and controlling for the many different factors influ-
encing the clinical outcome is a major methodological challenge in adherence 
intervention trials. For the purpose of this chapter, we will focus on medication 
adherence behavior as the outcome, since clinical outcomes will vary by health 
condition and are subject to more outside influences.

Adherence intervention studies tend not to specify which aspect of the adherence 
process the intervention seeks to improve. Adherence to medications occurs along a 
continuum, from filling the prescription and taking the first dose (initiation), to cor-
rectly taking each dose (implementation), and continuing to take the medication for 
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as long as it is indicated (persistence) [5]. When choosing adherence interventions 
to recommend to patients, it is important to be mindful of which phase of the adher-
ence process the patient will need help with at any given time.

16.1  Type of Nonadherence

To maximize intervention effectiveness, it is also important to ensure that the inter-
vention is addressing the patient’s reasons for nonadherence. In particular, interven-
tionists must consider whether a patient’s nonadherence is intentional or 
unintentional, as the intervention approach will necessarily be quite different.

16.1.1  Unintentional Nonadherence

Unintentional nonadherence will occur when a patient plans to adhere to their medi-
cation regimen, but struggles to remember to take their medications or has other 
barriers to achieving good adherence (e.g., poor access to a pharmacy, inability to 
afford medications). Of interventions tested to date, the most effective interventions 
are those addressing unintentional nonadherence [1, 4].

For patients who simply struggle to remember to take their medication, a combi-
nation of reminders and pillboxes are useful, inexpensive interventions [6]. 
Reminders, such as phone alarms, visual cues in their home environment, or some 
other method, can be used to provide a reliable method of reminding a patient to 
take his or her medication, although reminders are not effective for all patients [7].

Pillboxes and blister packs each provide a mechanism for the patient to see 
whether he or she has taken a particular dose of their medication [6]. Often, patients 
may not recall if they have taken their medication, so having some form of monitor-
ing or dose-by-dose feedback enables patients to reliably know whether a dose was 
taken. For pillboxes and blister packs, it is as simple as seeing if the pill for that dose 
is still in the package or not. Other patients use a medication log or diary to record 
their medication-taking. Logs and diaries have been shown to be effective, but they 
require more proactive effort on the part of the patient [8]. Pillboxes and blister 
packs require less effort with each dose to track medication-taking behavior.

Although blister packs are more expensive than weekly pillboxes, blister packs 
are typically prepared by a pharmacist and do not require the patient or caregiver to 
set up the packaging. This improves the likelihood that the packaging method will 
be used to improve adherence, and is also quite useful when patients may struggle 
to set up a pillbox due to functional or cognitive impairment.

Environmental cues and reminders are visual or auditory triggers that can be use-
ful to help prompt patients to remember medication or to take a medication at a 
given time. Such reminder systems should be systems that the patient can “set and 
forget” but not be so annoying that the patient will turn it off, which tends to happen 
with many beeping alarms. Patients should be encouraged to find a reminder system 
that will be effective for them, and which they can live with without the reminder 
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becoming an annoyance. Reminder systems do not need to be alarms, however. A 
reminder could be a note on or next to a daily calendar, or on a refrigerator—some-
thing in the patient’s environment that they will see regularly to serve as a reminder 
to take medications.

Instead of relying on alarms and active cues, interventions that seek to integrate 
medication-taking into daily habits and routines show promise in improving adher-
ence behavior [1]. These types of interventions help patients to associate medication- 
taking with other daily habits that the patient will not forget to do, so that 
medication-taking is also not forgotten. This then ensures that medication adher-
ence does not rely on an alarm reminder or some other device that may fail or must 
be set by the patient, but rather helps the medication-taking to become a routine 
habit.

Habit formation as an intervention approach has been shown to be particularly 
successful when done using a personal systems improvement approach, running 
small trial “experiments” of how to improve their medication-taking behavior until 
a method is found that works for the patient [9]. This approach allows patients to 
look at factors that might help or hinder the patient in remembering and taking 
medications.

Self-monitoring has also been shown to be effective, but requires sufficient self- 
discipline from the patient [8]. Self-monitoring interventions involve the patient 
keeping a log or diary of their medication-taking behavior. Medication logs can be 
pen and paper or electronic; many apps are now available to facilitate tracking 
medication- taking on smartphones. Some apps have the option to link with elec-
tronic health records to send the log to the patient’s health care provider.

Passive monitoring, such as from electronic monitoring devices, reduces the 
work on the patient when compared to self-monitoring. As an objective measure of 
adherence behavior, passive monitoring can also show patients how they are actu-
ally doing with taking their medication, which many patients find surprising. 
Patients often think they are more adherent to their medication regimens than they 
actually are. Passive monitoring devices can be useful when working with patients 
to make changes to improve medication-taking behavior, as such monitoring pro-
vides objective measurement of medication adherence to use to evaluate the effec-
tiveness of whatever behavior and/or lifestyle changes have been tried.

16.1.2  Intentional Nonadherence

Intentional nonadherence is a more difficult type of medication nonadherence to 
improve. Changing intentional nonadherence requires a careful assessment of why 
the patient has decided to change or stop his or her medication regimen. The reasons 
may be something as straightforward as problematic side effects, or as complicated 
as distrust of the health care provider or erroneous beliefs about one’s health condi-
tion or treatment regimen [10].

Interventions for intentional nonadherence have not been studied as extensively 
as unintentional nonadherence interventions. Most tested interventions have relied 
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on patient education approaches, which tend to be ineffective overall [1, 8]. While 
patients need to receive adequate information about their medication regimens to be 
able to take the medication correctly, education alone seldom changes behavior. 
Some recent trials have shown promising efficacy from interventions using motiva-
tional interviewing, which goes beyond basic medication education to work toward 
addressing the reasons for intentional nonadherence [11, 12].

16.2  General Approaches

Reducing medication regimen complexity may help improve both intentional and 
unintentional nonadherence. Taking medication fewer times per day is associated 
with greater adherence, thus reducing regimen complexity may help patients to 
adhere to their medication regimens [13]. There is also a growing body of literature 
supporting the “deprescribing” approach, where medications are reviewed and non- 
essential medications are discontinued. This serves to both reduce regimen com-
plexity and reassure the patient that their health care provider is ensuring that the 
patient is not taking unnecessary medication [14]. Involving the patient in the depre-
scribing decision-making process also serves to improve patient–provider trust and 
communication.

Thus far, the most effective interventions have focused on patients as the target 
of the intervention, but work is needed to develop more effective approaches that 
also integrate changes at the health care provider and health care system level to 
improve adherence [15]. Some evidence has shown efficacy from large-scale health 
system and health policy interventions that improve access to medications, but these 
have yet to be widely tested [16].

In general, interventions have been found to be more effective when using behav-
ioral approaches, rather than cognitive/educational approaches [1, 8]. Interventions 
delivered directly to patients, preferably using a face-to-face approach, rather than 
computerized or postal/mail interventions, tend to be more effective [1]. Interventions 
have been less successful when delivered to health care providers in the hopes that 
the health care provider will then work to improve patients’ medication adherence 
[1, 17].

 Conclusions

Many medication adherence interventions have been tested, but intervention 
 efficacy is highly variable, and has even been shown to be related to the measure-
ment method used, further complicating comparisons across intervention studies 
[1]. While standardized interventions are more cost-effective to deliver and have 
been more effective in large trials, interventions will often need to be tailored to 
the individual needs of the patient to achieve the best results [1, 4]. When devel-
oping an intervention program or working with individual patients in clinical 
practice, it is important to (1) assess each patient’s needs and reasons for nonad-
herence, (2) deliver intervention components designed to meet the patient’s 
needs, (3) evaluate for the impact of the intervention and adjust the intervention 
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approach as needed, and (4) include some type of long-term maintenance or sup-
port to ensure the behavior change persists long term. One consistent feature of 
adherence interventions is that when interventions are effective, the benefit fades 
over time if the intervention is not one that continues to support improved adher-
ence over the long term [1, 4].
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17Use of Fixed-Dose Combinations 
in Hypertension and Cardiovascular 
Disease Prevention

Massimo Volpe, Giuliano Tocci, and Giovanna Gallo

17.1  Introduction

Essential hypertension is a clinical condition characterized by high blood pressure 
(BP) levels and increased risk of developing major cardiovascular diseases, mostly 
including coronary artery disease, acute myocardial infarction, stroke, renal disease, 
congestive heart failure and cardiovascular death. For these reasons and considering 
the persistently high prevalence and growing incidence of hypertension not only in 
the so-called high-income, but also in the low-income countries, preventive strate-
gies for lowering BP level and achieving effective BP control represent key aspects 
of healthcare policies [1]. It is well established, in fact, that effective and sustained 
BP reductions reduce the incidence of hypertension-related complications, indepen-
dently by age, gender and individual global CV profile [2–4].

Despite the favourable effects provided by lowering BP levels to the recom-
mended targets [5], observational studies and epidemiological surveys have shown 
unacceptably lower rates of BP control, worldwide [6–8]. Although some recent 
studies provided more favourable trends in hypertension management and control in 
various European Countries [9, 10], the global rates of hypertension control 
remained dramatically poor [11, 12].
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Various factors can be advocated for explaining the relatively low rates of BP 
control observed in the last decades. These include poor patients’ adherence to 
 prescribed medications, insufficient physician–patient communication, clinical 
inertia, availability of heterogeneous sets of guidelines giving often contradictory 
recommendations on BP targets as well as on therapeutic indications, and excessive 
pill burden [13, 14]. In particular, a major drive responsible for a substantial propor-
tion of the failure in reaching the recommended BP goals may be linked to the 
persistently high use of monotherapy in the setting of clinical practice, whereas 
combination therapy is still largely viewed as a second-choice option for hyperten-
sion management [15].

It has been observed that monotherapy can provide effective BP control about 
one-third of treated hypertensive patients [16, 17], whilst combination strategies 
with two or three antihypertensive drugs have demonstrated to be very effective in 
lowering systolic/diastolic BP levels and achieving the recommended BP targets in 
higher proportions of patients than those obtained with different monotherapies 
(also when used at full dose) [18]. It is estimated that triple combination therapy is 
needed in at least 25% of all patients with hypertension in order to control BP [19]. 
Nonetheless, current North American and European guidelines for the manage-
ment of arterial hypertension state that two or more drugs are needed in the major-
ity of patients to achieve BP control. In patients with moderate or severe 
hypertension (Europe) [20] or in those whom BP is 20/10 mmHg above the recom-
mended goal (United States) [21], combining agents from two different drug 
classes is recommended as the first treatment step. The greater success obtained 
with combination therapy in hypertensive patients may represent a key factor in 
motivating patients and physicians, thus improving adherence to treatment, espe-
cially when also side effects linked to the high dosages of monotherapies are 
reduced.

Although different rational combinations of antihypertensive drug classes are 
currently recommended [20], individual differences and specific advantages have 
been linked to some therapies as opposed to others. Indeed, not all therapies share 
the same efficacy and safety profile. For instance, combination therapies of beta- 
blockers and diuretics or those based on two agents blocking the Renin-Angiotensin 
System (RAS) are not encouraged by recent recommendations of European guide-
lines [20]. In contrast, combination therapies based on RAS inhibiting drugs, 
including angiotensin-converting enzyme (ACE) inhibitors and Angiotensin II 
receptor blockers (ARBs) with thiazide diuretics [including either hydrochlorothia-
zide (HCTZ) or indapamide], or calcium channel blockers (CCB), which are char-
acterized by low rates of drug-related side effects and discontinuations, are currently 
recommended [20].

In this chapter, we will discuss potential advantages of using fixed-dose combi-
nation therapies based on RAS inhibiting drugs and either thiazide diuretics or 
CCBs, or both, to improve BP control and achieve higher adherence to antihyper-
tensive drug therapies. These specific combinations are strongly advocated by inter-
national guidelines and have been well documented in several large randomized 
clinical trials.
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17.2  Antihypertensive Drug Classes  
to Be Used in Combination Therapy

Current hypertension guidelines support the use of five classes of antihypertensive 
drugs for the initial choice in hypertensive patients at low-to-moderate global car-
diovascular risk factor or in those with grade 1 hypertension [20]. In the presence of 
high or very high cardiovascular risk profile, grade 2–3 hypertension or after dem-
onstrating inefficacy of monotherapy at adequate dosage, combination therapy can 
be used for lowering BP levels and achieving BP control [20]. In view of the fact 
that the vast majority of treated hypertensive patients require a combination therapy 
for reducing BP levels to the recommended targets, so that the choice of the initial 
drug has been often considered not clinically relevant.

It should be noted, however, that if by one side all the recommended drug classes 
have demonstrated to be effective and safe in lowering BP levels and reducing inci-
dence of major cardiovascular complications, from the other side they do not share 
the same safety and tolerability profiles. Several observational studies have reported 
higher rates of discontinuations with beta-blockers and diuretics compared to CCBs, 
ACE inhibitors and ARBs [22, 23]. Discontinuations from prescribed antihyperten-
sive therapy can be due to lack of BP lowering efficacy and occurrence of drug- 
related side effects, and hypertensive patients who discontinued antihypertensive 
medications remain at high risk of cardiovascular and cerebrovascular complica-
tions. For these reasons, it would be useful to adopt antihypertensive drug therapy 
including either ACE inhibitors or ARBs for ameliorating hypertension manage-
ment and control.

Indeed, the benefits of RAS inhibiting drugs have been demonstrated in different 
clinical settings throughout the whole cardiovascular continuum, from asymptom-
atic patients with high BP to refractory congestive heart failure [24]. In particular, 
the favourable effects of RAS blocking agents have been extensively and indepen-
dently tested in large, representative, randomized, controlled clinical trials, which 
consistently demonstrated that these drugs reduce CV morbidity and mortality with-
out differences between ACE inhibitors and ARBs in terms of major cardiovascular 
outcomes [25]. More recently, the substantial equivalence between these two classes 
in terms of protection from major CV events (i.e. myocardial infarction, stroke, 
heart failure and cardiovascular death) has been also confirmed by the ONgoing 
Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial 
(ONTARGET) [26]. It should be also noted, however, that in the same trial, combi-
nation therapy based on ACE inhibitors plus ARBs did not provide any additional 
advantages in terms of BP reductions or CV protection; yet, such approach was 
affected by higher rates of drug discontinuations due to drug-related side effects and 
adverse reactions (mostly including symptomatic hypotension and impaired renal 
function with hyperkalaemia) compared to either monotherapies [26].

On the basis of these findings from the ONTARGET [26] and other randomized 
clinical trials that directly tested combination therapies based on ACE inhibitors 
plus ARBs versus either monotherapies [27–29], and reported high rates of adverse 
events without additional benefits in terms of reduced BP levels, this combination 
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therapy is currently not recommended for the clinical management of hypertension. 
Similar recommendation has been also set for combination therapy based on direct 
renin inhibitor (aliskiren) plus ACE inhibitors or ARBs or both, due to deterioration 
of renal function and electrolytes imbalance reported in diabetic patients at high CV 
risk profile [30, 31].

On the other hand, both ACE inhibitors and ARBs have been safely and effec-
tively associated with other classes of antihypertensive drugs, mostly including 
CCBs or diuretics, for lowering BP levels and achieving the recommended BP tar-
gets. Such combination therapies have also demonstrated to be safe and well- 
tolerated in various clinical settings. For example, in the Antihypertensive and 
Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT), about 30% of 
patients allocated in all treatment arms was on combination therapy at 6 months 
after the beginning of the study with more than 65% at the end of the study; the 
proportions of treated controlled hypertensive patients in this trial raised from 
30–60%, accordingly [32, 33]. In the Losartan Intervention For End-point reduction 
in hypertension (LIFE) trial [34], about 70% of patients allocated in both treatment 
arms was on combination therapy at 6 months after the beginning of the study with 
more than 85% at the end of the study. Also in the Anglo-Scandinavian Cardiac 
Outcomes Trial-Blood Pressure Lowering Arm (ASCOT-BPLA) trial [35], most 
patients (78%) were taking at least two antihypertensive agents, and only 15% and 
9% were taking amlodipine and atenolol monotherapy, respectively. More recently, 
in the Avoiding Cardiovascular events through Combination therapy in Patients 
Living with Systolic Hypertension (ACCOMPLISH) trial [36], the use of combina-
tion therapy from the beginning of the study resulted in a very high percentage 
(about 80%) of patients with controlled BP levels at the end of the trial (Fig. 17.1). 
Even in this trial, antihypertensive therapy based on ACE inhibitor plus CCB 
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Fig. 17.1 Proportions of patients achieving the recommended blood pressure targets at the begin-
ning and at the end of the ACCOMPLISH trial. Derived from [36]
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resulted in significantly lower incidence of major CV events than that of ACE inhib-
itor plus diuretic [36]. Based on these findings, it has been suggested that imple-
menting the use of combination strategies based on drugs able to inhibit the 
deleterious effects of abnormal RAS activation in the clinical management of hyper-
tension may also improve BP control and tolerability, beyond the favourable effects 
on cardiovascular protection.

The rationale of combination therapy based on RAS blockers in hypertension 
should be related not only to an increased BP lowering efficacy due to the synergis-
tic and additive effects on BP reduction provided by different compounds [37–39]. 
In addition, it may be linked to the favourable impact on several pathophysiological 
mechanisms of hypertension, as well as to the inhibition of the contra-regulatory 
mechanisms, thus leading to a reduced incidence of drug-related side effects and 
hence improved tolerability [37–39]. In addition, these combination strategies can 
be effectively and safely applied in most hypertension-related clinical conditions 
[40, 41].

Nowadays, combination therapies based on RAS blocking agents appear to be 
rational for a number of pharmacological, therapeutic and clinical reasons. First, 
these strategies are based on the concomitant use of the most documented antihy-
pertensive agents, which, together, usually show better results on BP control. 
Secondly, they are substantially neutral or favourable on metabolism (i.e. reduced 
incidence of new-onset diabetes mellitus), when compared with traditional combi-
nation therapy. Finally, they have important clinical advantages in terms of tolera-
bility, by providing a significant reduction of side effects because of antagonistic 
cross actions of RAS blocking agents on other agents present in the combination 
and because of the usually minor dosage required of each active component. For 
instance, combining a RAS blocker with a CCB improves the tolerability profile of 
the latter by reducing the incidence of peripheral oedema and also blunting the heart 
rate acceleration occasionally observed with a dihydropyridine CCB [19].

17.3  Antihypertensive Drug Classes  
and Adherence to Therapy

Low adherence is the most common cause of difficult to treat true or apparent 
resistant hypertension [42]. In addition, poor adherence to prescribed antihyperten-
sive medications has been associated to increased risks of cardiovascular and cere-
brovascular events, which further increase the burden of hypertension-related 
disease [43].

In view of the persistently low rates of BP control and the increasing prevalence 
of poor adherence to antihypertensive drug therapies, European Society of 
Hypertension (ESH)/European Society of Cardiology (ESC) guidelines provide 
recommendations on methods to improve adherence to physicians’ recommenda-
tions, and adherence management is also becoming part of care pathways [44–46].

Drug adherence problems are characterized by two major patterns: (1) non- 
persistence on therapy; (2) good persistence but poor implementation of the dosing 
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regimen (primarily missed doses and drug holidays). Identification of the problem 
is a crucial aspect, since the prevention strategy depends on the type of pattern. 
Persistence is more problematic than daily implementation in hypertension, given 
the long-term nature of the condition [47].

In addition to determining whether drugs are taken, it is important to assess drug 
adherence. The difficulty of accurately assessing adherence is highlighted by a 
study by Meddings et  al. [48], where primary care providers recognized non- 
adherence for less than half of those patients who had significant gaps in their refill 
history. Apps are a conceptual way to implement adherence; however, there are too 
many, they work for a limited time, are often generic and even if they provide feed-
back to the healthcare provider they are too complicated.

There are several non-invasive and invasive methods of measuring adherence. 
There is no one gold standard method of measuring adherence; a combination of 
methods should be used to measure initiation, implementation and persistence 
which should be individualized. The most accurate methods are electronic monitor-
ing and drug or biomarker measurement. Electronic monitors are pill containers that 
record the date and time when opened, and may be useful in the management of 
patients with resistant hypertension [49]. Although not available in all countries, 
they are recognized as an underutilized resource. They have the advantage of being 
a dynamic measure, but do not prove ingestion. Monitoring of drug levels has been 
shown to improve blood pressure control at follow-up visits [50]. Whilst blood or 
urine drug measurements prove ingestion they are invasive and costly. The 
Medication Event Monitoring System (MEMS) is an example of an electronic med-
ication monitoring, measurement and adherence system. The limitations of using 
blood or urine measurements to monitor adherence, compared with the MEMS, are 
illustrated by the cases of three patients, who all had blood levels in the therapeutic 
range despite a considerable variation in the number of dosing events during the 
days before the drug levels were measured. Furthermore, monitoring of two differ-
ent drug treatments for 1 year in three patients showed a difference in adherence 
between treatments. A meta-analysis of the impact of different strategies to improve 
adherence and blood pressure control demonstrated that collaboration with health-
care partners has the greatest impact.

Other systems in development for monitoring adherence include ingestible sen-
sor systems combined with wireless observed therapy [51] and electronically 
chipped packaging. It is anticipated that in the future, adherence monitoring will 
become routine for chronic conditions at specific time points, i.e. initiation and 
treatment failure.

17.4  Strategies to Improve Adherence

A number of different strategies can be used to improve BP control [52, 53]. As pre-
viously discussed, the vast majority of patients need combination therapy to achieve 
the recommended BP targets, since excessive pill burden is associated with lower 
adherence [54]. Dosing frequency is also an important aspect and may promote 

M. Volpe et al.



231

non-persistence, in cases of frequent dosing of prescribed medications. For these 
reasons, treatment simplification is one of the most straightforward ways to enhance 
adherence, by facilitating implementation of the dosing regimen [55, 56]. Single-pill 
fixed-dose combination therapies can reduce pill burden and simplify treatment regi-
mens [44], and improve adherence and improve BP normalization ratios compared 
with free combinations [57, 58]. Efforts to take advantage of the benefits of fixed-
dose combination therapies for improving adherence include an angiotensin-recep-
tor-blocker-based hypertension treatment platform. This is a practical tool which has 
been devised to guide the use of single-pill FDCs containing two- and even three 
drugs in clinical situations commonly seen in hypertension [59].

Patients’ awareness of their adherence patterns can change their behaviour [60]. 
The key elements to changing patients’ behaviour include: education, motivation 
and measurement of adherence [61]. Packaging has a major role in education and 
measurement. The ESH/ESC guidelines include reminder packaging as a method of 
improving adherence to physicians’ recommendations [44]. A real-world assess-
ment of the impact of reminder packaging in the USA has shown that it can improve 
adherence and persistence rates to antihypertensive treatment [62]. This approach to 
improving adherence through improvements in packaging is now being applied 
within Europe.

Repacking products in this way should be considered as a major step in improving 
initiation, supporting implementation and ultimately persistence to treatment. Other 
important considerations to engage discussion between patients and healthcare pro-
viders are: materials to support counselling; dummy packaging. It is recognized that 
pharmaceutical manufacturers could do more with regard to improving packaging of 
medications; small changes may have a meaningful impact on adherence.

 Conclusions

The benefits obtained by achieving effective and persistent BP control in hyper-
tensive patients with different CV risk profile in terms of reduction of CV mor-
bidity and mortality have been repeatedly demonstrated. Despite these solid 
evidence, large international surveys still document persistently low rates of BP 
control in the general hypertensive population. The relatively low use of combi-
nation therapy and the lack of drug dosage optimization during chronic antihy-
pertensive treatment represent two of the plausible reasons for this paradox. 
Another crucial aspect is represented by low adherence to prescribed medica-
tions, mostly due to the occurrence of drug-related side effects and adverse reac-
tions, which may induce drug discontinuations and interruptions during chronic 
antihypertensive therapy.

Combination therapies based on RAS blocking agents have demonstrated to 
significantly contribute to improve BP control in the presence of an excellent 
tolerability profile, especially when used in fixed-dose combination therapies 
(single-pill approach). Moreover, the use of single-pill combination is no longer 
hampered by the loss of dosing flexibility, being available a choice of different 
doses of each component, therefore allowing the clinician to build up a personal-
ized and simplified anti-hypertensive therapy with just one pill.
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18Nurse Led Interventions in Hypertension

Christopher E. Clark

18.1  Introduction

Raised blood pressure is the main risk factor globally for premature morbidity and 
mortality [1]. Globally it affected close to one billion adults (26% of the population) 
in 2000, and is projected to rise to 1.6 billion by 2025 [2]. This makes measurement 
of blood pressure a common reason for consultation in primary care [3], and rising 
workload and availability of doctors in primary care is an international concern [4, 
5]. In English primary care consultation rates for general practitioners rose by 
13.6% over the 7 years to 2014, whilst rates for nurses rose by only 0.9% during the 
same period [6]. It is suggested that transfer of some clinical roles from doctors to 
nurses may help to alleviate the growing workforce crisis, and reviews suggest that 
appropriately trained nurses can deliver care with the same quality and outcomes as 
doctors [7].

A 10 mmHg reduction in systolic blood pressure is estimated to achieve a 41% 
reduction in stroke and a 22% reduction in coronary heart disease [8]. Whilst blood 
pressure control is improving over time, the detection and adequate management of 
high blood pressure remains a challenge [9]. Nurse led care in hypertension is seen 
as one means of improving implementation of guidelines on blood pressure man-
agement [10, 11]. Resource limitations also encourage substitution of doctors by 
nurses and other allied health professionals in the belief that they are less costly 
[12]; however, it continues to be noted that the evidence for this is too limited to 
support such conclusions [13].
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18.2  Nurse Substitution in Hypertension

Trials of nurse led care have been appearing since the 1990s [14–16]; however, 
Oakeshott concluded in her 2003 systematic review that there was a lack of robust 
evidence of effectiveness for nurse led care in hypertension. The 2010 Cochrane 
update by Glynn et al. found evidence of greater reduction of blood pressure with 
nurse led care but concluded that it required further evaluation [17], whilst our own 
focussed systematic review in the same year found some evidence to suggest that 
outcomes were improved when nurse prescribers were involved in some health care 
settings. We concluded, however, that there was insufficient evidence to support 
widespread deployment of nurses in the management of hypertension [18].

In practice, there has been shift in hypertension care over the last decade from 
doctors to nurses and health care assistants, and rising numbers of nurse prescribers 
are becoming active in hypertension [19]. A multidisciplinary approach can improve 
control in resistant hypertension, and nurses record lower blood pressures than doc-
tors due to smaller white coat effects [20–22], thus there seem good reasons to 
involve nurses in hypertension care. In 2003, Bengtson and Drevenhorn examined 
and identified the roles of nurses in hypertension care (Box 18.1) [23]. In their 
review, they called for further well-designed studies to develop nursing care for 
hypertension, and over 50 randomised controlled trials have been published during 
the last 15 years. Within our current systematic review of allied health professional 
led care in hypertension, we have reviewed evidence from randomised controlled 
trials that compare nurse led care with usual care (defined as doctor led care) [24]. 
These are considered with relevant pooled findings in the following sections.

18.2.1  Settings for and Subjects of Interventions

Hypertension is largely diagnosed and managed in primary care, and general or 
family practice settings have been the usual locations for studies of nurse led inter-
ventions [15, 25–47]. Trials have examined nurse led care in a variety of other set-
tings, with evidence from individual randomised controlled trials for lower 
outcome blood pressures following delivery at home [48–53], in community 

Box 18.1 Roles of the Nurse in Hypertension Care; After Bengtson and 
Drevenhorn 2003 [23]
• Team member or team leader
• Measurement of blood pressure—avoiding white coat effect
• Educator in non-pharmacological treatment
• Translator for the physician with a holistic and psychosocial approach
• Promoting lifestyle changes
• Promoting medication adherence
• Titrating blood pressure treatment to target
• Monitoring and maintaining blood pressure treatment
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centres [48, 54–56], faith groups [57], community walking groups [58], and in sec-
ondary care clinics for hypertension [59], diabetes [60–63], cardiology [64, 65], 
stroke [66], or general medicine [67, 68]. Greater achievement of study blood pres-
sure targets has also been demonstrated in workplace based interventions [14, 69, 
70]. Target achievement is less often improved within individual trials but pooled 
analyses confirm evidence of benefit from community settings (Odds Ratio (OR) 
for target achievement with intervention 1.9 (95%CI 1.2–3.0); 7 studies, 2820 par-
ticipants) [14, 51, 70–74], primary care settings (OR 1.4 (1.1–1.6); 13 studies, 
11,278 participants) [15, 25, 26, 29, 34, 35, 38, 41, 45, 47, 65, 75, 76], and second-
ary care settings (OR 1.8 (1.3–2.5); 11 studies, 3605 participants) [32, 36, 59–61, 
63, 64, 66, 67, 77, 78].

Studies have found evidence of benefit for nurse led interventions from around 
the globe, thereby including a range of different ethnic populations. Culturally 
appropriate health education may improve outcomes in ethnic minorities [79], so 
some trials have specifically targeted ethnic subgroups regarded as underserved 
within their respective countries. Improved blood pressure lowering has been dem-
onstrated in African-American cohorts [25, 34, 35, 37, 42, 48, 54, 56, 67, 71], 
American Hispanic people [42, 67], First Nations American Indian people [49], 
Maoris [80], and South Asians [75, 81]. A substantial number of trials have focussed 
on control of hypertension with diabetes, suggesting that the findings summarised 
here can be applied to hypertensives with and without coincident diabetes [17, 27, 
28, 32, 37, 38, 49, 59–63, 74–76, 78, 82, 83].

Trials usually seek to recruit subjects with uncontrolled (i.e. above study or pro-
tocol target) blood pressures. Only a few studies have restricted recruitment to con-
trolled hypertensives; although some have shown benefit [27, 61], they are 
outweighed by those that fail to show improved blood pressure outcomes [34, 61, 
82]. Therefore the evidence summarised in this chapter should be viewed as relevant 
to populations with uncontrolled hypertension.

18.2.2  Features of Interventions

18.2.2.1  Mode of Review or Follow-Up
Interventions in randomised controlled trials usually include face to face contact 
with nurses, with or without other modalities. Nurse delivered telephone support for 
patients, without face to face contact, appears to be ineffective in delivering lower 
outcome blood pressures compared to usual care [25, 26, 28, 34, 35, 37, 52, 66, 77]. 
Other trials have used telephone support to supplement face to face reviews [39, 45, 
54, 58, 71, 73, 74], but on pooled analysis these show no superiority of systolic 
blood pressure outcomes compared to interventions based purely on face to face 
review [27, 29, 30, 32, 33, 36, 44, 49–51, 56, 59, 61, 62, 64, 72, 75, 78, 80, 83–85], 
whilst mean reduction of diastolic pressures compared to usual care is actually 
greater for face to face interventions without telephone support than with it 
(−2.1 mmHg (−3.0 to −1.2); 22 studies, 7793 participants without telephone sup-
port vs. −0.9 mmHg (−2.4 to 0.6); 7 studies, 2198 participants; p = 0.03). This 
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pattern is also seen for achievement of study blood pressure targets. These are com-
plex interventions so caution is needed in interpreting these findings; however, it 
may be that combined interventions, by using telephone consultations as a substi-
tute for face to face interim reviews, reduce the frequency of face to face contact 
(see below). Whatever the cause we can conclude that the routine use of nurse led 
telephone support for blood pressure lowering is at least ineffective, and possibly 
counterproductive.

18.2.2.2  Use of a Management Algorithm
Our previous systematic review in 2010 found that effective nurse led interventions 
for hypertension require an algorithm to structure care [18]. Taking account of 
newer studies, differences in trial outcomes are no longer seen between studies 
using or not using an algorithm to structure care; however, the quality of reporting 
of study methods varies [86]. The majority of randomised trials of nurse led care do 
include an algorithm, and it is likely that, where not stated, other trials also had 
some structured care component. Structured care has emerged from previous 
reviews as an important component of effective interventions [87, 88]. Where treat-
ment changes are explicit this may help to overcome clinical inertia [89], therefore 
a treatment algorithm remains an essential basis for nurse led care in hypertension.

18.2.2.3  Adherence/Education/Support
Physicians recognise the importance of addressing medication non-adherence but 
less often actually do so [90]. Many interventions include an element of education 
and lifestyle advice [56, 60, 64, 67, 71, 74], or medication adherence support [48]. 
These elements coupled with regular review are key components of effective long- 
term care, to which the nurse–patient relationship is central [91]. Education and 
explanation are key to improving medication adherence [92], which is often found 
to be higher in clinical trials than in routine care [93]. Education is usually only one 
element of a complex intervention in trials of nurse led care, so it is not clear from 
existing trials how important it is that any educational interventions for hyperten-
sion are delivered specifically by nurses. Evidence linking medication adherence 
and blood pressure outcomes is unclear [94]. Existing trials have assessed medica-
tion adherence using questionnaires such as the Morisky scale [95], which are only 
modestly effective in detecting medication non-adherence in comparison to elec-
tronic pill box monitoring [96, 97]. Thus specific well-designed studies using a 
robust method of adherence assessment are needed, to clarify whether nurse led 
educational interventions can be linked to improved medication adherence and bet-
ter blood pressure outcomes.

18.2.2.4  Home Monitoring
Self-monitoring of blood pressure alone [98], or with electronic transmission of 
results to physicians can improve blood pressure control [99, 100], but the effect is 
enhanced when self-monitoring is combined with additional support to the patient 
[101]. Interventions including nurse monitoring and feedback on home blood pres-
sure readings have proved effective compared to usual care [48, 53]. Home blood 
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pressure readings are associated with lower outcome blood pressures and greater 
achievement of study targets than clinic measurements [102]. It is not clear whether 
this difference, in relation to nurse led care, can be wholly accounted for by the 
interventions themselves or may be confounded by differences due to setting and 
white coat effects [21]: further evidence is required however the recently published 
TASMINH4 trial has confirmed the benefits of self-monitoring, with or without 
telemonitoring, when used by general practitioners to titrate antihypertensive medi-
cation in individuals with poorly controlled blood pressure [103]. Further work is 
needed to understand the role of the nurse in receiving, interpreting, and acting upon 
patient measured blood pressure readings.

18.2.2.5  Prescribing
We have previously found greater reductions in blood pressure where interventions 
include nurse prescribing compared to continued prescribing by doctors, and docu-
mented a rising proportion of nurses prescribing in hypertension in our region over 
time [18, 19 ]. A more recent review of studies substituting prescribing by nurses or 
pharmacists for prescribing by doctors has also reported overall lower outcome 
blood pressures, although nurse led care was not reported separately [104]. On 
pooled analysis of randomised controlled trials, there is a trend towards increasingly 
greater reductions in systolic but not diastolic blood pressure for interventions that 
include nurse prescribing (difference in change in systolic blood pressure 
−6.4 mmHg (−9.1 to −3.8); 10 studies, 4285 participants) [32, 49, 53, 59, 60, 67, 
71, 74, 78, 105], compared to nurses advising changes to medication (−4.4 mmHg 
(−6.2 to −2.6); 8 studies, 2522 participants) [25, 29, 51, 56, 61, 73, 77, 82] or no 
nursing intervention for medication (−3.2 mmHg (−5.3 to −1.2); 32 studies, 9522 
participants) [26, 28, 30, 31, 33–37, 39, 40, 44–48, 50, 52, 54, 58, 62, 64, 66, 68, 72, 
73, 75, 80, 81, 83–85].

18.2.2.6  Frequency of and Intensity of Intervention
There is marked variation in the frequency of face to face reviews of patients 
between trials, with greater reductions of systolic blood pressure for interventions 
that involve at least monthly contact until blood pressure reaches target (systolic 
reduction −7.2 mmHg (−10.5 to −3.9); 19 studies, 3760 participants) [29, 37, 46, 
47, 54, 55, 58, 59, 61, 64, 68, 72, 74, 77, 80, 81, 83, 84] compared to less frequent 
interventions (−2.8 mmHg (−3.8 to −1.8); 32 studies, 12,523 participants; p = 0.01) 
[25, 26, 28, 30–36, 39, 40, 44–54, 56, 60, 62, 67, 73, 75, 78, 82, 85]. Study blood 
pressure targets are also more frequently attained, compared to usual care, when 
interventions are delivered at least monthly (RR 1.5 (1.2–2.0); 12 studies, 2915 
participants) [14, 29, 47, 55, 59, 61, 64, 66, 70, 72, 74, 77] compared to less fre-
quently (1.1 (1.0–1.2); 21 studies, 15,011 participants; p = 0.02) [15, 25, 26, 32, 
34–36, 38, 41, 43, 45, 47, 51, 60, 63, 65, 67, 73, 75, 76, 78].

By taking account of the interaction between the presence or absence of, and the 
frequency of, face to face to face interventions and the ability to change prescrip-
tions, it is possible to demonstrate a hierarchy of effectiveness for nurse led inter-
ventions to lower blood pressure (Fig. 18.1; p < 0.001 for subgroup differences). 
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Fig. 18.1 Changes in systolic blood pressure for nurse led interventions compared to usual care 
grouped by intensity of intervention
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Interventions without face to face contact, themselves ineffective on pooled analy-
sis, are enhanced by the ability to alter medications. The same is found for low fre-
quency (less than monthly) face to face interventions; however, greatest differences 
in blood pressure reductions for nurse led interventions compared to usual care are 
observed when face to face review occurs at least monthly. Interestingly, at this level 
of intervention there seems to be no significant additional benefit in altering medica-
tions (systolic mean difference −8.6 mmHg (−14.3 to −2.9) without medication 
change vs. −8.4 mmHg (−13.0 to −3.7) with medication changes; p = 0.95 for dif-
ferences), suggesting that frequent face to face reviews may be the most effective 
element of these interventions.

We have found that frequent nurse led dose titration to achieve rapid control of 
blood pressure is both safe and feasible [106]. A recent large retrospective study 
found that delays of greater than 1.4 months before intensifying treatment towards 
target were associated with higher risks of cardiovascular event or death over 
10 years, hinting at the possibility that intensive interventions to control blood pres-
sure quickly may have longer term benefits for outcomes [107].

18.3  Costs and Cost-Effectiveness of Interventions

Costs of nurse led interventions are infrequently reported as primary outcome mea-
sures. Costs will be dependent on the health care system in which the interventions 
are based; however, data were only identified from trials in the UK [44, 75], USA 
[35, 55, 73, 77, 108] and one group in Canada [69, 70]. With one exception, a trial 
of workplace based nurse interventions [69], costs are higher for nurse led care 
compared to usual (doctor led) care. Excess costs per patient per year ranged from 
$212 to $1153 per patient per year, representing between 1.18 and 1.87 times the 
costs of usual care. There is no clear association between the costs of interventions 
and either their intensity or their efficacy in reducing blood pressure. Therefore it is 
difficult to estimate the cost-effectiveness of nurse led interventions. One UK trial 
reported an incremental cost-effectiveness ratio per quality adjusted life year of 
£28.983 [75]; this exceeds the £20,000 implementation cost threshold set by the UK 
National Institute for Health and Care Excellence [109].

18.4  Clinical Implications

The findings of individual trials and systematic reviews summarised here offer some 
guidance for the design of a successful nurse led programme for care in hyperten-
sion. Contacts should be face to face, occurring at least monthly until blood pressure 
reaches target. They should include the ability to either prescribe, or advise the doc-
tor to prescribe, changes in blood pressure lowering medications and be guided by 
a structured stepped care algorithm. Lowering of systolic blood pressure by 5 mmHg 
has been estimated to lead to 14% fewer deaths from stroke, 9% fewer deaths from 
CHD, and 7% fewer deaths overall [110]. These levels of reduction are exceeded by 
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the most intensive nurse led interventions so are clinically as well as statistically 
important.

There are clinical reasons to favour rapid and effective control of blood pressure; 
arterial stiffness, a marker of target organ damage, improves in newly diagnosed and 
treated hypertensives according to the intensity of BP lowering achieved [111]. 
Similarly post hoc findings from the VALUE trial found that blood pressure response 
within 1 month of treatment predicted a persistent advantage for the combined out-
come of cardiac events, stroke or death [112, 113], and post hoc analysis of the 
Syst-Eur trial provided additional evidence for improved outcomes in cardiovascu-
lar event reduction for initial dual rather than monotherapy, in association with 
greater blood pressure reduction [114]. The FEVER study also suggests superior 
outcomes for early attainment of blood pressure control in a Chinese population 
[115]. None of these findings, however, relate directly to nurse led interventions to 
control blood pressure, and evidence for long-term differences in outcome for nurse 
led care is currently lacking.

Extrapolation of trial findings into day-to-day practice cannot be assumed. Little 
is known about the acceptability of substitution of nurse led for doctor led care in 
hypertension. Exploratory findings in our locality suggest that the concept is broadly 
acceptable to patients [116], as is the case for nurse prescribing in diabetes, a condi-
tion often associated with hypertension [117]. However despite good trial evidence 
for improved blood pressure lowering with nurse prescribing we could not confirm 
this benefit in a recent analysis of routine primary care data from our region [19].

18.5  Research Implications

In trials (and in practice), nurses often work in conjunction with other members of 
the primary health care team such as community health workers, health care assis-
tants [19], pharmacists and doctors [118]. Many trials provide evidence for 
improved outcomes with pharmacist led care [119] but few have examined a team 
approach utilising both nurses’ and pharmacists’ expertise [120, 121]. Community 
health workers or lay workers have sometimes been included in trials of interven-
tions [56, 71], often in low resource settings or with a specific role in link working 
with specific ethnic groups who may experience barriers to accessing care [80, 81]. 
Studies suggest that teams can facilitate self-management [122], and a recent sur-
vey of routine primary care data in our region has documented the increasing 
involvement of health care assistants in team approaches to hypertension care with 
better attainment of the English national Quality and Outcomes Framework blood 
pressure target [19, 123]. Future studies need to examine team based approaches 
that make best use of existing professionals’ and multidisciplinary teams’ skills, 
thus facilitating adoption into existing care structures; some such studies are under-
way [124, 125].

The available evidence suggests that future trials should abandon telephone sup-
port as a component of any intervention; however, internet or other telehealth sys-
tems may show benefits [82, 126, 127]. It is possible that nurses may enhance the 
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benefits of home or telemonitoring but their specific role and contribution requires 
further study [101, 128].

It seems clear that any prospective study design should be resourced for at least 
a monthly face to face review until blood pressure control is achieved, and should 
include the ability to prescribe or alter medication according to a stepped care algo-
rithm. Depending on study setting, a careful study design will be required to miti-
gate the effects of setting (home vs. clinic) and personnel (nurse vs. doctor vs. 
pharmacist) on white coat effects to minimise bias. Ideally future studies will be 
designed and powered to measure costs and cost-effectiveness of interventions, and 
measure satisfaction and treatment effects using validated tools.

International blood pressure guideline targets are starting to be cut in response to 
evidence from SPRINT and other recent studies [129–132]. Currently evidence of 
greater blood pressure lowering only exists for nurse led care down to, but not 
below, 130 mmHg systolic in the context of comorbidities such as diabetes or sec-
ondary prevention of cardiovascular and cerebrovascular disease [25, 49, 52, 60, 61, 
74, 75, 82, 83]. It will be important to test nurse led interventions that aim to cut 
blood pressure to lower more stringent potential targets in primary prevention, to 
discover whether the existing evidence can be extrapolated.

The reporting of harms from nurse led intervention studies is negligible. Although 
such interventions are expected to offer a low risk of adverse events, this should be 
confirmed by robust reporting and inclusion of quality of life and satisfaction scales 
in future studies. Again the implications of increased adverse events seen in trials 
aiming to lower blood pressure below 130 mmHg will have to be taken into account 
[129, 133].

 Conclusions

There is good evidence to suggest that nurse led interventions can achieve greater 
blood pressure reductions and achievement of blood pressure targets than usual 
care. Reviewing patients at least monthly, and changing medication according to 
a stepped care protocol are shown to be important elements of such interven-
tions. Inclusion of nurses as members or leaders of teams intervening to control 
blood pressure should be effective but requires further study. Costs and cost ben-
efits of interventions are poorly described and there are no reports of long-term 
effects of outcomes. The ability of nurse led services to adopt new lower blood 
pressure targets safely may be assumed but cannot currently be demonstrated. 
Areas for future research are identified.
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19Role of the Pharmacist in Supporting 
Adherence

Marie P. Schneider and Parisa Aslani

19.1  Introduction

The high prevalence of poor medication adherence, defined as poor medication- 
taking behaviour, is a major issue within healthcare systems and contributes to extra 
morbidity/mortality and healthcare costs [1–4]. Poor medication adherence can lead 
to medication-related problems, many of them being preventable. In 2016, a 
Cochrane review showed that adherence-enhancing interventions improve short- 
and long-term medication adherence to lipid-lowering treatments, as well as total 
cholesterol and LDL-cholesterol levels [5]. Hence, nonadherence can be reduced 
when addressed by educated healthcare teams, pharmacists being part of them.

Pharmacists conduct clinically advanced roles in collaboration with other health-
care providers along the patient’s therapeutic journey. The aim of a pharmacist’s 
intervention is to foster patient’s autonomous, ritualized and long-lasting adherent 
habits whenever possible. By actively engaging in patient care, pharmacists ensure 
rational and cost-effective use of medications to improve clinical outcomes and 
patient’s quality of life [4]. In the era of chronic diseases and polymorbidity, com-
munity pharmacists’ activities have switched from a medication-oriented activity to 
a patient-centred perspective in order to support patient self-management. This 
statement is in alignment with the joint guidelines of the International Pharmaceutical 
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Federation (FIP) and World Health Organization (WHO) [6], and the WHO guide-
lines on people-centred health systems [7].

This chapter aims at describing the role of the pharmacist, in particular the com-
munity pharmacist, in addressing medication adherence in chronic patients, with a 
specific focus on cardiovascular patients.

19.2  Pharmacist Role and Responsibilities

The overall role of pharmacists is to validate the prescription, discuss all the rele-
vant information on medication with the patient and make sure the patient knows, 
and is able to self-manage the entire treatment.

The way pharmacists address medication adherence can be categorized into two 
different types of support depending on patient needs: patient information/educa-
tion and patient behavioural support. Pharmacists also adjust their support and inter-
ventions based on the core component of adherence being addressed: initiation, 
implementation or persistence [8]. In case of medication non-initiation or nonper-
sistence, the role of the pharmacist is primarily to facilitate the patient’s understand-
ing of their treatment benefits and refer back to physician for treatment decision 
making. In case of poor implementation or drug holidays, the role of the pharmacist 
is to understand the reasons for nonadherence and then address them appropriately 
to support patients in finding individualized solutions.

19.2.1  Patient Information and Education

When a patient arrives at the pharmacy with a new prescription or for a refill, the 
pharmacist assesses the patient’s understanding of medication knowledge, and com-
plements the information in order to reinforce the information received from the 
prescriber or clarifies it directly with the prescriber in case of issues [9]. The phar-
macist gives information on appropriate use, rationale for use, benefits of therapy, 
and how to know that the medication is working. The pharmacist checks what the 
patient would like to know about side effects (usually very frequent or life- 
threatening ones) and what to do if they occur. Then, when refilling, the pharmacist 
checks again with the patient that he/she knows the name, the dosage, the manage-
ment of each medication (what, when, how) including what to do when a dose is 
missed, and the aim and overall duration of the treatment.

19.2.2  Patient Behavioural Support

Pharmacists support patients in their medication self-management learning process 
[9]. They guide the dialogue on drug self-management by considering the patient’s 
beliefs, experience and perspectives [10]. Changes in medication adherence have to 
be captured by the pharmacist as quickly as possible and gathered information must 
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be used to tailor treatment to patient’s lifestyle. This iterative process reinforces the 
patient and pharmacist active partnership, increases patient’s trust and satisfaction, 
and hence medication adherence [11].

19.3  Pharmacists’ Skills and Tools to Monitor and Support 
Medication Adherence

To monitor and support medication adherence, pharmacist–patient interaction 
revolves around three pivotal axes, as described in Table 19.1: (a) communication 
skills to engage patients in short, repeated, individualized medication-focused inter-
views, (b) therapeutic actions to refine the treatment plan, and (c) use of tools and 
strategies, either educational and/or behavioural, to support medication adherence.

19.3.1  Communication Skills

Pharmacists are trained in communication skills. Active and reflective listening, 
open-ended questioning (e.g. How well does the medication work for you? How do 
you feel about taking this medication?) and providing information on medications 
by actively involving the patient are essential skills that pharmacists and the phar-
macy team are asked to master to succeed in screening for medication nonadherence 
and in supporting self-management (see Table 19.1) [12]. Valorizing patients genu-
inely for their openness in expressing their views and describing their nonadherent 
behaviour or their efforts for overcoming nonadherence is part of the pharmacist’s 
role in order to increase patients’ trust and active partnership and keep patients in 
care (e.g. acknowledging the efforts that a patient with type-2 diabetes makes to 
take metformin 1000 mg in the morning even though he/she is unable to take it regu-
larly in the evening) [11]. Therefore, pharmacists are developing interviewing 
frameworks, algorithms and toolkits to guide interviews and actions with patients 
[13–15].

Pharmacists are well positioned to gain information about nonadherence from 
patients. Patients may be more open to them than to their physician about not want-
ing to take medications or because they have experienced side effects. Based on 
patient’s preference, either the pharmacist empowers and prepares the patient to 
inform the prescriber, or the pharmacist informs the physician.

The close location of the pharmacist to the patients in the community and their 
accessibility facilitate frequent and easy encounters, close patient monitoring, build-
ing up a relationship of trust and long-term follow-up (see Fig. 19.1). Moreover, the 
quality of the pharmacy environment facilitates an active collaboration with the 
patient. Indeed, a patient-centred interview can only happen if adequate privacy is 
ensured for one-on-one interactions at a safe distance from other patients (e.g. dis-
tant desks or confidential desk) [19]. The right to confidentiality must be protected 
and hence, in many countries, the community pharmacy environment is improving 
to address this issue.
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Table 19.1 Pharmacist’s communication skills, therapeutic actions, and use of tool and strategies 
to address medication adherence

Communication skillsa Therapeutic actions Tools and strategies
Assessing 
adherence

– Empathy and caring
–  Creating a climate 

of trust
–  Inviting patient’s 

active participation
–  Exploration with 

reflective listening 
and open-ended 
questions

–  Repeated interviews 
over time (short but 
progressive)

–  Summarizing 
learned information

–  Medication 
review

–  Medication 
reconciliation

–  Inquire about or 
measure CV risk 
factors (e.g. BP, 
lipid profile, 
HbA1c)

–  Assess adherence 
to cotreatments as 
well (e.g. 
antidepressant)

–  Medication 
computerized history

Identifying 
causes of 
nonadherence

–  Careful evaluation 
of perceived side 
effects

–  Brief survey or 
questionnaire (e.g. 
brief medication 
questionnaire [16])

–  Electronic smart 
packages

–  Algorithm (e.g. 
Pharmacist Drug 
Adherence Work-up 
Tool (DRAW) [13], 
TEAM [15], AIM [17], 
MeMO [18])

Monitoring and 
addressing 
nonadherence

– Empathy and caring
–  Valorization of 

patient’s effort
–  Feedback on each 

patient’s progress
– Shared goal setting
–  Semi-structured 

interventions based 
on a framework

–  Evaluate 
treatment 
appropriateness: 
dosage, regimen 
and timing

–  Establish a 
treatment plan

Educational tools:
 –  Written information 

and simplified leaflets
Behavioural tools:
 – Pill organizers
 –  Electronic smart 

packages
–  Medication 

synchronization and 
refill reminders

 – mHealth
 –  Direct observed 

therapy
Collaborative 
care

–  Inform the medical 
team about patient’s 
adherence over time 
and undertaken 
intervention

–  Social support 
(inviting significant 
other to the 
pharmacy)

–  Discuss treatment 
plan with 
prescriber

–  Inform the medical 
team about medication 
management aids used 
by patient

aBased on motivational interviewing skills; BP blood pressure
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19.3.2  Pharmacists’ Knowledge and Therapeutic Actions

Pharmacist’s knowledge in the pharmaceutical sciences, pharmacotherapy and 
medication adherence represents the foundation for tailoring treatment to patient 
needs (see Fig. 19.1) [20, 21]. Pharmacists are educated in medication adherence 
during their curriculum; they are expected to integrate their knowledge on adher-
ence determinants, measurement methods and interventions in their interactions 
with patients [22]. For example, the medication use review (MUR) involves an 
interview with the patient, which allows the pharmacist to review the appropriate-
ness of the entire prescription, with the goal of improving patient’s knowledge, and 
adherence, if necessary (see Table 19.1) [23]. The benefit of MURs outweighs their 
costs [24]. In terms of medication adherence, the pharmacist evaluates the appropri-
ateness of the timing and the number of daily intakes (e.g. if the evening statin is not 
manageable by a patient, the pharmacist should recommend a statin with a longer 
half-life to be taken in the morning). The pharmacist also checks for the appropri-
ateness of the drug formulation (e.g. ease in pill swallowing) and packages (e.g. 
ease in handling), and should prevent switches from one generic to another one.

In case the pharmacist detects nonadherence, he/she has to exclude the treatment 
as a causal factor. Indeed, professional therapeutic inertia (e.g. not addressing side 
effects evaluated as minor by the professional but which decrease the patient’s qual-
ity of life from the patient’s perspective) induces an increased risk for patient inten-
tional nonadherence. Hence, the pharmacist ensures that there is no side effect, or in 
case of side effects, he/she checks that they are manageable by the patient to limit 
the negative impact on patient’s quality of life (see Table 19.1). If a patient takes a 
statin erratically because of myalgia, the physician should adjust the dosage and the 
pharmacist should monitor patient progress to align efficacy and tolerability of the 
treatment as much as possible.

Community pharmacy
environment

Accessibility
Confidentiality

Pharmacist’s
education

Pharmacotherapy
Pharmaceutical sciences

Medication adherence
Intervention frameworks

Patient-centeredness

Empathy
Communication skills

Shared treatment decision making

Interprofessionality

Continuity in care
Care coordination

Physician, pharmacist, nurse

Addressing
Medication Adherence

Fig. 19.1 Community pharmacist’s position in the healthcare system to address medication 
adherence
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19.3.3  Pharmacist’s Medication Adherence Tools and Strategies

The pharmacist uses tools and strategies for screening and for addressing both 
intentional and unintentional medication nonadherence. Leaflets are part of educa-
tional strategies, whereas pillboxes, mHealth, Direct Observed Therapy (D.O.T.) 
and medication synchronization approaches are more behavioural (see Table 19.1).

19.3.3.1  Medication Computerized History for Screening 
Nonadherence

Medication computerized histories, based on dispensed treatments, are the practice- 
ready health records that pharmacists rely on to evaluate prescriptions from one 
refill to the next one (see Table 19.1). Histories have to be completed by the phar-
macist through an accurate evaluation of all medications used (i.e. treatment recon-
ciliation), particularly when the patient visits several physicians, has multiple 
chronic conditions and uses over-the-counter (OTC) or complementary and alterna-
tive medicines. In case the pharmacist identifies nonadherence from a patient’s 
medication computerized history, he/she addresses and identifies the issue through 
a sensitive interview with the patient. The more the pharmacy develops a supportive 
and humanistic environment, the more the patient will feel comfortable and empow-
ered to talk.

19.3.3.2  Medication Synchronization and Drug Refill Reminders
When delivering the treatment, pharmacists ensure medication synchronization as 
much as possible in order to avoid gaps in drug refills and increase refill conve-
nience for patients. Medication synchronization means renewing all medications at 
the same time from the same pharmacy based on an appointment before any drug 
shortage occurs. First results show that synchronization improves medication adher-
ence to cardiovascular treatments and decreases nonpersistence, especially in low 
adherent patients, and improves patient satisfaction [25–28].

Drug refill reminders are an option pharmacists use to retain their nonadherent 
patients in care [11, 29]. Late refillers either store unused drugs at home because of 
poor implementation or transient nonpersistence, or they are out of storage and 
recent nonpersisters. In both situations, the pharmacist must understand the reason 
of the late refilling date and support the patient accordingly.

19.3.3.3  Pill Organizers and Electronic Smart Packages
Weekly and daily pill organizers are useful for supporting patients with uninten-
tional nonadherence, especially in case of organizational, cognitive or functional 
issues (e.g. elderly), in case of polypharmacy for decreasing the emotional burden 
of drug management or for increasing convenience of out-of-home drug intake. 
There is no one pill organizer model that fits all; the role of the pharmacist is to find 
the best model for each single patient, and inform the prescribers and healthcare 
teams about their pill organizer service and strategy [30]. Community pharmacists 
fill in pill organizers for patients, in particular for those who do not have the auton-
omy to do it on their own [31]. These patients come in to the pharmacy on an agreed 
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timetable (e.g. once a week to once a month). Patients are encouraged to leave 
unused medication in their pill organizer to discuss in a nonjudgmental and motiva-
tional way with the pharmacist.

Some community and primary care pharmacists use electronic smart packages 
(e.g. Medication Event Monitoring Systems, MEMS™, Aardex Group, Switzerland) 
as part of a comprehensive interprofessional service [14]. They work in close col-
laboration with physicians and nurses, for example in the case of resistant hyperten-
sion (see Fig. 19.2). The feedback provided by electronic monitoring is a potent way 
to address ingrained nonadherence issues [32].

19.3.3.4  Written Educational Material
To increase patient’s medication literacy, pharmacists have the possibility to rein-
force and extend oral information with written leaflets. Best leaflets should be tai-
lored to patient’s needs and support physician’s information as a continuum [34, 
35]. In a study in Australia, pharmacists were the preferred provider of written 
medication information for consumers primarily due to their medication expertise, 
accessibility and perceived availability [36].

19.3.3.5  mHealth
A large number of smartphone apps are available to support medication adherence. 
However, quality of apps varies tremendously and it is difficult, if not impossible, 
for patients to choose the best app needed [37]. Pharmacists can assist patients in 
their choice, inform them on the pros of app use (e.g. reminder system, history of 
drug intake and information on names and aim of treatments always at hand) and 
cons (e.g. privacy issues, costs). Secondly, they can also help patients introduce and 
update data in their app (names of drugs and regimen) at times of refill to keep the 

>3-month
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hypertension

6 to 12-week
adherence electronic

monitoring

24-h ambulatory
BP monitoring (ABPM) Controlled BP

Uncontrolled 
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medication
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Other
medical
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adherence
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Fig. 19.2 Clinical interprofessional algorithm for the management of resistant hypertension in 
Lausanne University Hospital, Switzerland [33]
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reminder system accurate. And lastly, pharmacists can take the opportunity to 
review the medication history as recorded in the app at each refill. This allows open-
ing up and steering the discussion on nonadherence issues, using motivational inter-
viewing skills to elicit change-talk [38].

19.3.3.6  Direct Observed Therapy Combined to Clinical Outcome 
Measures for High-Risk Patients

Pharmacists provide Direct Observed Therapy (D.O.T.). Although D.O.T. has been 
initially used in withdrawal therapies (e.g. opioid, alcohol, anxiolytics) and tubercu-
losis, its use has been extended to transient, high-degree support of patients with 
serious adherence issues increasing their cardiovascular risk (e.g. resistant hyper-
tension combined with very high blood pressure) [39, 40]. D.O.T. increases the 
frequency of encounters and the possibilities to identify more accurately the causes 
of nonadherence, and to link the effect of a better adherence to timely measured 
clinical outcomes (e.g. blood pressure measured at the pharmacy). D.O.T. implies a 
close interprofessional collaboration, notably on the adherence support strategy that 
should be introduced after the D.O.T. period when the clinical situation has improved 
to consolidate the patient’s new behaviour.

19.4  Impact of Pharmacists on Medication Adherence

19.4.1  Evidence from Meta-Analysis and Systematic Reviews

There is an important body of literature showing the positive impact of pharmacist 
interventions to support pharmacotherapy and medication adherence in patients 
with cardiovascular disease (CVD). A prospective meta-analysis of randomized 
controlled trials (RCT) assessed the effect of pharmacist care on the management of 
CVD risk factors among outpatients with or without diabetes (39 RCTs, 14,224 
outpatients) [41]. Compared with usual care, pharmacist interventions were associ-
ated with significant reduction in systolic (−7.6 mmHg, 95% CI: −9.0 to −6.3) and 
diastolic blood pressure (−3.9 mmHg, 95% CI: −5.1 to −2.8). From a public health 
perspective, as stated by the authors, this would reduce the risk of stroke by about 
30% and myocardial infarction by 20%.

A review of 49 systematic reviews (269 RCTs) shows that clinical pharmacy 
services focused on specific medical conditions, such as hypertension or diabetes 
mellitus, revealed a positive impact on patient outcomes [42]. However interven-
tions that targeted medication adherence specifically produced inconclusive results 
because of the variability of methods used to assess medication adherence and het-
erogeneity in terms of patient population, duration, outcomes measured and length 
of follow-up. The most successful pharmacist interventions to support medication 
adherence were multifaceted and included the use of electronic devices, a system of 
reminders and blister packs combined with or without education and pharmacist 
follow-up, concurrent oral and written information, and regular scheduled consulta-
tions with the pharmacist at the time of prescription refills.
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Another systematic review (17 clinical studies) investigated the impact of inter-
ventions delivered by healthcare providers (HCPs) within a multiprofessional team 
(physicians and nurses, or physicians and pharmacists, or nurses and pharmacists) 
to improve patient adherence to cardiovascular disease medications in community 
settings [43]. Among the studies using only informational interventions (n = 7) or a 
combination of behavioural and informational interventions (n = 7), the majority 
showed improvements in clinical outcomes (i.e. blood pressure and total choles-
terol). However, only two studies measured improvements in adherence. In contrast, 
all three interventions based on behaviour change strategies improved both clinical 
outcomes and adherence to medication.

Sapkota et al. did a systematic review (52 included studies) of interventions on 
adherence to anti-diabetic medications in patients with type-2 diabetes [44, 45]. The 
review found that multifaceted interventions (educational, behavioural, affective 
and/or economic) addressing several nonadherence factors (mostly related to the 
patient, the treatment and the disease) were comparatively more effective in improv-
ing medication adherence and glycaemic target than single strategies.

Cutrona et al. did a systematic review of RCTs of interventions in CVD or dia-
betes to determine the optimal modes of delivery for interventions to improve 
adherence to cardiovascular medications [46]. Among in-person interventions (52% 
successful), interventions at hospital discharge were more effective (67%) than 
clinic interventions (47%). In-person pharmacist interventions were effective when 
held in a pharmacy (83% successful), and less effective in clinics (38%). In contrast, 
phone calls showed low success rates (38%).

19.4.2  Insights from Selected Pharmacist Interventions 
on Medication Adherence

Most of the published pharmacist-led intervention studies were community-based, 
either in community pharmacies [15, 18, 44, 47–55] and/or primary care or hospital 
outpatient clinics [41, 53, 56–65]; a few were carried out at hospital discharge [13, 
66, 67].

19.4.2.1  Measured Outcomes
The effectiveness of pharmacist interventions in CVD has been studied mostly in 
hypertension, type-2 diabetes, dyslipidemia and heart failure. The principal out-
come is often evaluated on surrogate clinical endpoints or risk scores (e.g. blood 
pressure, haemoglobin A1c, cholesterol levels, Framingham score) [15, 47, 49, 50, 
53, 59, 61, 62, 64, 66], on medication adherence [18, 48, 51, 55, 57, 58, 60, 63, 67, 
68], on care utilization (emergency department care or hospitalization) [62], but less 
on a combination of outcomes [15, 42, 43, 56, 62, 65, 69].

19.4.2.2  Patient Inclusion Criteria
Many studies include patients with CVD whatever their adherence level and clinical 
outcomes [13, 47–49, 51, 54, 57, 60, 61, 66], increasing the risk of reaching the 
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ceiling effect of the intervention in patients with prior optimal adherence or the ones 
having already reached their therapeutic goals. Some studies target nonadherent 
populations [50, 55, 65, 68] or populations above target clinical outcomes [15, 53, 
56, 59], rarely both at the same time [17]. A few studies have included patients with 
particular risk factors for nonadherence, e.g. treatment initiation [18], patients with 
low literacy or low income [62] or elderly patients [63]. In future, the impact of 
pharmacist-led interventions can be maximized by targeting patients with both 
medication nonadherence and above target clinical outcomes [55].

An important concern arising from the literature is the fact that patients declining 
to participate in pharmacist-led interventions, not reachable or dropping out might 
be the ones more in need of medication adherence interventions [47, 49, 50]. As an 
example, among 1596 eligible hypertensive and diabetic patients, 27% declined to 
participate and another 13% were unreachable; they represented an intractable 
group of patients with uncontrolled blood pressure (BP) [50].

19.4.2.3  Intervention Characteristics
Pharmacist-led medication adherence interventions are structured. They often com-
bine three or four coordinated phases: (1) assessment, (2) intervention, (3) collab-
orative care and (4) follow-up (see Table  19.2). Each phase is organized in a 
three-step evaluation action plan tackling the appropriateness of the prescription, 
medication adherence and clinical risk factors. For example, the TEAM toolkit was 
developed to facilitate medication adherence, and pharmacist feedback to patients 
and physicians; it includes self-report adherence and a monthly assessment of core 
barriers, e.g. patient misunderstandings of BP goals and regimen, patient concerns 
about drug efficacy, adverse and long-term effects and difficulties remembering, 
paying, or refilling on time [15]. Compared with the control group, TEAM partici-
pants achieved greater improvements in 6-month refill adherence (60% vs. 34%, 
P < 0.001), SBP (−12.62 vs. −5.31 mmHg, P < 0.001) and blood pressure control 
(50% vs. 36%, P  = 0.01). Six months after intervention discontinuation, TEAM 
participants showed sustained improvements in refill adherence (P  <  0.001) and 
SBP (P = 0.004).

Most of the pharmacist-led interventions have lasted for 6–9 months [13, 15, 48, 
49, 51, 53, 55, 57, 61, 68], and some have lasted for 12–14 months [47, 50, 58, 66]. 
Unfortunately, few studies have evaluated the intervention residual effect after com-
pletion [15, 50, 62]. When measured, the effect of the intervention often did not last, 
meaning that continued interventions are probably necessary. Frequency of 
pharmacist- led intervention visits is often scheduled at refill times. These visits 
often happen every month [15, 48, 49, 51, 58, 60], or every 2–3 months [47, 55, 57, 
61, 62]. The effect of pharmacist intervention is larger if visits happen regularly, 
especially monthly [41, 42]. Interview sessions often last for 15–30 min [14, 47, 59, 
61, 65].

19.4.2.4  Methods to Measure Adherence
The following proxy methods are used to measure medication adherence in 
pharmacist- led effectiveness studies: validated self-report questionnaires such as 
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Table 19.2 Main structural components of pharmacist-led medication adherence interventions as 
described in the literature

Phases

Pharmacist actions

Examples 
from the 
literature

A. Treatment
B.  Medication 

adherence
C.  Clinical risk 

factors
Assessment –  Medication review

–  Medication 
reconciliation

–  Structured 
screening 
through 
computerized 
medication 
history, 
algorithms or 
questionnaires

–  Evaluation of 
barriers 
encountered by 
patient

–  Evaluation of 
CVD risk factors 
based on patient 
interview

–  Monitoring of 
CVD risk factors 
(e.g. BP, lipids, 
HbA1c)

A. [13, 
51, 
55, 
57, 
58]

B. [15, 
18, 
47–
51, 
59, 
61, 
63]

C. [15, 
47, 
49, 
50, 
53, 
55, 
64, 
70, 
71]

Intervention –  Tailor or intensify 
medicationa

–  Patient 
education

–  Tailored 
adherence 
counselling

–  MI-based 
patient 
interview and 
patient 
empowerment

–  Use of reminder 
systems and pill 
organizers

–  Written 
education 
material

–  Written goals 
and action 
planning

–  Recommendation 
and training on 
self-monitoring 
(e.g. BP measure)

A. [15, 
50, 
53, 
58, 
69]

B. [13, 
15, 
18, 
41, 
42, 
47, 
49, 
50, 
53, 
55, 
57–
65, 
70–
72]

C. [15, 
50, 
55, 
61]

(continued)
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the Brief Medication Questionnaire (BMQ), the Medication Adherence Report 
Scale (MARS) or the Morisky scale [15, 47, 49, 51, 55, 59, 61, 63, 65, 67]. Refill 
adherence based on medication computerized history is also often used [17, 18, 50, 
54, 57, 58, 63], electronic monitors are sometimes used [48, 56, 62], more rarely pill 
count [60] or insurance claims [68]. This implies a variety of measured adherence 
outcomes, moreover at various time points, generating difficulties in comparing 
results across studies.

19.4.2.5  Cost-Effectiveness of Pharmacist-Led Interventions
Finally, more research is needed to define the cost-effectiveness of pharmacist-led 
interventions in collaborative care models in patients with CVD [72]. Findings from 
the USA indicate that although improved medication adherence increased phar-
macy costs, it also produced substantial medical savings as a result of reductions in 
hospitalization and emergency department use [54]. A RCT with low-income 

Table 19.2 (continued)

Phases

Pharmacist actions

Examples 
from the 
literature

A. Treatment
B.  Medication 

adherence
C.  Clinical risk 

factors
Collaborative 
care

–   Involve physician 
for therapeutic 
re commendationsb

–  Refer patient to 
physician

–  Feedback to 
physician

A. [15, 
49, 
61, 
63, 
66]

B. [15, 
41, 
48, 
50, 
58, 
64, 
70, 
71]

Follow-up 
(FU)

–  Reminders for 
prescription refill

–  Arrange FU 
appointment

–  New 
appointment 
made if patient 
missed one

–  Encourage to 
bring empty 
pillboxes back

–  Face-to-face FU 
at the pharmacy 
or via phone 
calls

(see assessment 
phase)

A. [55, 
58]

B. [13, 
15, 
50, 
57, 
60, 
61]

MI motivational interviewing, BP blood pressure
aIn case pharmacists are able to prescribe, depending on the healthcare system
bIn case, pharmacists are not able to prescribe
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patients with heart failure in the USA showed that medication adherence monitored 
electronically was 78.8% in the intervention group and 67.9% in the usual care 
group (difference, 10.9% [95% CI, 5.0–16.7]), emergency department visits and 
hospital admissions were 19.4% less (incidence rate ratio, 0.82 [CI, 0.73–0.93]) and 
annual direct healthcare costs were lower ($–2960 [CI, $–7603 to $1338]) in the 
intervention group [62]. A review (eight studies) assessed the cost-effectiveness of 
interventions to improve seamless care at hospital discharge focusing on medica-
tion; most studies demonstrated a positive impact on medication adherence, (re)
hospitalization rates and costs [69].

 Conclusion

In the cardiovascular area, a large body of evidence shows that pharmacist-led 
interventions in team-based care improve patient adherence to chronic medica-
tion and/or clinical outcomes. Community pharmacists are highly accessible pri-
mary care providers. They screen, monitor and support medication adherence 
specifically and repeatedly at treatment delivery. They check for treatment 
appropriateness, reinforce the medical information and actively integrate 
patients’ views over time. They screen for nonadherence based on electronic his-
tory records and support medication adherence long-term based on semi-struc-
tured motivational interviewing, and by using reminder systems, algorithms and 
defined strategies. Fortunately, the role of pharmacists in medication adherence 
is increasingly understood by physicians and nurses. However, the road is not 
fully paved and the profession has to keep advocating for its role, especially at 
the patient level to break patient reluctance to talk about their medication-taking 
habits.

Most importantly, pharmacists are members of formal or informal interpro-
fessional teams. Acknowledging that medication nonadherence is not one type 
but multiple types, interventions have to be multifaceted, dynamic and long-
term along the patient’s clinical itinerary [73]. Therefore, the sequential HCPs 
in charge of the patient should address medication adherence according to their 
expertise and time- point interventions. In the immediate future, there is a need 
to define the complementary roles and the specific actions of physicians, phar-
macists and nurses. Obviously, addressing medication adherence interprofes-
sionally also implies sharing medication adherence information through 
electronic health records to limit redundancy of actions and strengthen 
complementarities.
Despite the evidence on the effectiveness of pharmacist-led interventions, few 
programmes have been implemented in real-world settings [14, 73, 74]. There 
is an urgent need to make this translation possible by means of the implementa-
tion sciences. Prerequisites are necessary, especially HCPs interprofessional 
education in medication adherence, new policies and systems of remuneration 
of advanced services. Among others, the European Society for Patient 
Adherence, COMpliance and Persistence (ESPACOMP) is fostering this change 
to contribute to the viability of the healthcare system of the twenty-first 
century.
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20.1  Poor Medication Adherence: A Major Cause of Poor 
Hypertension Control

Adherence to medications, defined as the extent to which patients take medication 
as prescribed by their healthcare professionals, is an important component in treat-
ment efficacy, healthcare costs, and patient safety for chronic diseases, such as 
hypertension [1, 2]. The term adherence reflects an active involvement of patient 
within a therapeutic alliance with healthcare professionals rather than a passive 
response to physician’s demand implied by compliance [1, 2].

Medication adherence is necessary for successful disease management. 
Nevertheless, medication non-adherence is common and increasingly recognized as 
a major problem in healthcare delivery. Hence, about one in four patients with car-
diovascular disease or hypertension does not adhere to prescribed medication ther-
apy [3]. The World Health Organization described poor adherence as the most 
important cause of uncontrolled hypertension with 50–70% of patients not taking 
their antihypertensive medication as prescribed [4]. Studies have consistently shown 
that 20–30% of medication prescriptions are never filled [5] and that many patients 
stop taking their medication in the first month following treatment initiation, often 
without informing their healthcare professional [6].

Poor adherence compromises the effectiveness of medication treatment and 
results in disease progression and serious complications including successive hospi-
talizations, greater morbidity and mortality, as well as increased use of healthcare 
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services and healthcare costs [7, 8]. In North America, it is estimated that approxi-
mately $100 billion are spent annually and $2000 are spent per patient per year in 
excess physician visits due to poor adherence [8]. Inadequate adherence to antihy-
pertensive medication has been recognized as an important issue in the management 
of patient with resistant hypertension and is one of the major causes of poor control 
of hypertension in routine clinical practice [9], without substantial change in the 
past 50 years.

Addressing poor medication adherence is therefore of crucial importance in the 
management of hypertension care.

20.2  Methods to Measure Adherence

Several approaches such as pill counts, clinical reports, prescription refills, patient- 
reported measures, and electronic monitoring are used to investigate the patient 
medication-taking pattern or behavior and to provide medication adherence infor-
mation to the patient and the healthcare professionals. Nevertheless, the diagnosis, 
detection, and assessment of poor adherence is challenging in routine clinical prac-
tice for healthcare professionals [6, 10, 11].

For example, physicians are poor judges to detect non-adherence of their patients 
in clinical practice [9, 11]. Asking patients to report on their own medication adher-
ence leads to inaccurate estimates with an over-report of medication adherence due 
to difficulties recalling the details of their medication taking or in attempts to please 
their physicians [10, 11]. Examining pharmacy database records can be useful to 
assess medication adherence but they may not be reflective of patients’ current dis-
ease or medication-taking pattern or behavior [11]. Pill counting, another measure 
of medication adherence, which relies on counting number of pills remaining after 
a prescribed period, overestimates patient medication adherence. This method is 
therefore not commonly used to estimate medication adherence in routine clinical 
care [11].

Electronic monitoring devices (EMDs), using e.g., the Medication Event 
Monitoring System (MEMS®, Aardex, Switzerland) a pill dispenser with electronic 
sensors activated by the act of opening, can be used to obtain accurate and real-time 
data on the patients’ medication-taking behavior (e.g., data on dosing time and his-
tory, periods of discontinuation, and periods of good and poor adherence) with a 
feedback to patients and their healthcare providers [11–13]. The MEMS®, fre-
quently used for clinical trials and other clinical studies, has the advantage of being 
the most accurate method for identifying non-adherence and an effective tool for 
measuring and improving patient medication adherence [13]. Nevertheless, the 
MEMS® is relatively expensive and each device can monitor only one medication 
which is a limitation for patients with multiple medications, a frequent case with 
older hypertensive patients. Implementing such electronic monitoring device is 
often time consuming, resource intensive and may not be feasible in busy clinical 
practice [2]. Another interesting approach that can be used in routine clinical prac-
tice is a combination of electronic monitoring device and patient’s own reports [14].
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Maintaining medication adherence to multiple medications is difficult among 
patients with chronic diseases, particularly hypertension. Indeed, a variety of rea-
sons are responsible for non-adherence, but the most commonly reported barrier is 
forgetfulness [15]. An insufficient communication between patient and healthcare 
professional or a complex treatment increases also the risk of non-adherence to 
medications [16]. Knowledge of these causes could help healthcare professionals to 
target patients in need and to design the adequate intervention [17]. Because factors 
contributing non-adherence are complex and occur on multiple levels, improving 
adherence often requires complex interventions related to health provider or system 
as well as to patient to assure effectiveness [18, 19].

20.3  Interventions to Improve Medication Adherence

As reported by the World Health Organization report on medication adherence, 
interventions that improve medication adherence may have far greater effect on the 
health of the population than any improvement in medical treatments [4]. Several 
reviews identifying interventions for improving medication adherence [6, 19] con-
cluded that complex, combined interventions, such as patient education and coun-
selling, simplifying dose regimen, reminders, support from family or healthcare 
professionals (pharmacist-based or nurse-based intervention) are needed to bring 
substantial change in adherence. However, these interventions were mostly complex 
and not very effective for long term [19], with a modest improvement in blood pres-
sure control among hypertensive patients [20].

In recent years, health technologies such as mobile phones, smartphone applica-
tions, text messaging, patient monitoring devices, and electronic health records have 
emerged as a strategy to improve medication adherence. For example, reminder pack-
aging (pill box, blister packaged medications, weekly reminder, or single-use con-
tainer) or electronic reminders (short message service, audiovisual reminder) can help 
patients to take their medications by providing visual or auditory cues [21, 22] and by 
supporting healthcare professionals in their comprehension of the dynamic of patient 
non-adherence. Unfortunately, these electronic reminders provide short-term and 
inconsistent effect on adherence [21–23]. A recent meta- analysis of randomized con-
trolled studies found that mobile phone text messaging, an easy to use and relatively 
low-cost tool, may increase medication adherence in patients with chronic diseases 
[24], but the long-term effects on adherence and the effect on clinical outcomes, as 
well as the target populations, remain to be determined in real-world setting.

Digital health technologies using patient-reported outcome information (e.g., 
through telemonitoring, home blood pressure monitors, or patient monitor device) 
can help facilitate self-monitoring and communication of various clinical parame-
ters such as blood pressure, as well as medication taking, enabling greater engage-
ment of patients in their care and greater sharing with patients’ healthcare 
professionals [25, 26]. For example, home blood pressure telemonitoring combin-
ing with pharmacist case management achieved better blood pressure control and 
better self-reported adherence compared with usual care [27].
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Medication adherence suffers also from the fragmented approach by which hos-
pitals, ambulatory care, and the different healthcare professionals intervene in 
patients with hypertension. Can integrated or team-based care help improve medi-
cation adherence in hypertension?

20.4  An Integrated or Team-Based Care Approach to Support 
Medication Adherence

There are many causes for poor blood pressure control, including e.g., suboptimal 
patient medication adherence. One strategy to improve blood pressure control and 
medication adherence is the provision of integrated care or team-based care with the 
involvement of nonphysician practitioners [28–30]. Pharmacists [31] and nurses 
[32] have been shown to be effective in the management of hypertension through 
team-based care.

Pharmacists are indeed highly accessible healthcare professionals and a valuable 
asset in the management of hypertension by providing medication management in 
collaboration with physicians and by supporting patient in their medication intake 
[31]. For example, Santschi et al. demonstrated that a collaborative model involving 
community pharmacists and primary care physicians focused on the management of 
medication adherence was feasible in the Swiss healthcare system [2] and improved 
long-term blood pressure control among uncontrolled hypertensive patients [13]. 
Nurses by providing lifestyle and health education are also helpful for the manage-
ment of chronic diseases including hypertension [32] and a valuable member of 
team-based care at the interface of physicians and patients [33].

Further and large evidence support that integrated care or team-based care is an 
effective approach in the management of hypertension [28, 29] and particularly with 
a focus on medication adherence. A recent review of 39 randomized controlled trials 
of pharmacist care, working alone or in collaboration with nurse and physician, 
showed that patient education on medication adherence, recommendations to physi-
cians in medication change, and medication management decreased both systolic 
and diastolic blood pressure among ambulatory patients in North America, Asia, 
Australia, and Europe [31] (Fig. 20.1).

Based on the growing evidence, the US Community Preventive Services Task 
Force recommended team-based care to improve hypertension care, especially 
when nurse and pharmacist are part of the team [28]. Team-based care is a health 
systems-level, organizational intervention that includes the patient, the different 
healthcare professionals, such as physicians, pharmacists, nurses, dieticians or other 
allied healthcare professionals (social workers and community health workers), 
working in a coordinated and collaborative partnership, each with their own exper-
tise in enhancing patient care [8, 28].

Typically, team-based care interventions include activities to facilitate communi-
cation and coordination of care, to establish regular and structured follow-up, and to 
actively engage patients in their care by providing them education about hyperten-
sion medication, adherence support, and tools for self-management (including 
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health behavior change) [28]. The team approach was also recommended in the last 
edition of the European Society of Hypertension and of Cardiology guidelines [34], 
with a strong emphasis on the importance of managing medication adherence.

Several community-based prevention programs involving nurses and pharma-
cists showed promising results. For example, Million Hearts®, a national initiative 
to prevent one million cardiovascular events in the USA over 5 years by implement-
ing proven and effective interventions with the collaboration of healthcare profes-
sionals, pharmacists, hospitals, communities and individuals, may have prevented 
up to half a million cardiovascular events in its first 5-year phase [35]. In some 
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Fig. 20.1 Effect of systolic blood pressure on pharmacist interventions working alone or in col-
laboration with nurse or physician compared with usual care. In most of these studies, the interven-
tion was designed notably to improve medication adherence. n = number of participants [31]
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countries, community pharmacists have developed some initiatives to promote med-
ication adherence in an integrated approach. In Quebec, ProFiL programm®, a mul-
tidisciplinary, training and communication-network program between community 
pharmacists and the multidisciplinary predialysis clinic, was designed to help com-
munity pharmacists to manage hypertension drug-related problems, especially on 
medication non-adherence, and to optimize blood pressure control among chronic 
kidney disease patients by sharing clinical data laboratory results, and medications 
[36]. Community pharmacies have also developed in their routine activity some 
interdisciplinary medication adherence program to support medication adherence 
through a motivational interviewing combined with electronic pill monitors and 
medication adherence report that provide feedback to patient, physician, nurse, and 
other pharmacists on patient’s medication history [37].

In Switzerland, the Team-Based Care for improving Hypertension management 
(TBC-HTA) study, an ongoing 3-year pragmatic randomized controlled trial, is 
designed to determine whether a 6-month interprofessional intervention, involving 
nurses, community pharmacists, and physicians, improves blood pressure control 
among uncontrolled treated outpatients in routine clinical practice [38]. One key 
element is to improve medication adherence through a collaborative approach. 
More precisely, nurse and community pharmacist measure blood pressure, assess 
lifestyle, estimate medication adherence, and provide education to the patient about 
hypertension, treatment, and lifestyle. After each visit, the nurse and community 
pharmacist send a summary report to the physician with their recommendations 
related to medication adherence and lifestyle, and changes in therapy. Taking 
account of the nurses’ and community pharmacists’ recommendations, the physi-
cian adapts the treatment if necessary.

The TBC-HTA study, supported by the Health Services Research funding pro-
gram of the Gottfried and Julia Bangerter-Rhyner-Stiftung and the Swiss Academy 
of Medical Sciences (www.samw.ch/en), is the first attempt to evaluate the impact 
of a team-based care on hypertension management in the Swiss primary care. This 
study will inform policymakers about possible implementable team-based care 
interventions for managing hypertension in the Swiss healthcare system, including 
patients’ and healthcare professionals’ satisfaction with the intervention [38].

Integrated or team-based care approach, e.g., through intervention based on the one 
evaluated in the TBC-HTA study, has the potential to respond to the challenge of medi-
cation adherence in hypertension care including support and engagement of patients, as 
well as coordination action among the different healthcare professionals [4].

20.5  Implementation of Integrated Care in Healthcare 
System

A recent survey of the NEJM Catalyst Insights Council members, a group of US 
executives, clinical leaders, and clinicians at organizations directly involved in 
healthcare delivery, underlined that care teams are the best approach to embedding 
patient engagement into healthcare delivery and considered the “time investment 
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by healthcare team” as the biggest challenge in incorporating patient engagement 
into care delivery [39]. One of the biggest challenges today is indeed how to design 
in the healthcare system a team-based care approach addressing medication adher-
ence that engages patients, healthcare professionals of multiple institutions and 
sectors. Healthcare systems are very complex and the differences in professional 
and organizational cultures, the power relations, and the financial pressures have 
an impact on team-based care development, integration, and delivery in healthcare 
system [40].

As mentioned by the Community Preventive Services Task Force, resource allo-
cation and reimbursement for all team members have a major impact on chronic 
care management, notably for the management of hypertension [28]. Strategies to 
maintain provider engagement such as incentives are valuable and various modali-
ties for care communication need to be considered, including telephones and mobile 
phones, Internet, and new health digital technologies [28]. If policymakers and 
insurers fail to reward chronic care quality, improvement and implementation are 
difficult [41].

The implementation of team-based care implies also changes, for example in 
professional culture, healthcare policy, and a willingness to invest time for such a 
change [40]. This change in approach of care calls for interprofessional education 
(IPE), a collaborative approach that improves quality care outcomes and communi-
cation and coordination of team care [42, 43]. Since 2015, La Source, School of 
nursing sciences of the University of Applied Sciences and Arts of Western 
Switzerland, Lausanne, Switzerland and the Faculty of Biology and Medicine of the 
University of Lausanne, Switzerland developed IPE for undergraduate nursing and 
medical students. The aims of the IPE course entitled “Hypertension from A to Z” 
with a strong focus on medication adherence management are that nursing and med-
ical students as future interprofessional team members acquire knowledge, develop 
common competencies in hypertension care and medication adherence care, under-
stand the role of other healthcare professionals and his/her own role in the health-
care team, and build the value of working together in an interprofessional team. A 
strong focus of this course is on medication adherence measurement and manage-
ment. Improving the management of hypertension throughout interprofessional 
education can help sharing skills and knowledge among future healthcare profes-
sionals. It also helps building a team- based care culture [44] which is the first and 
necessary step for interprofessional collaborative practice.

20.6  Conclusion and Perspectives

Medication adherence is a complex problem and there is no simple and ideal strat-
egy to improve patient medication adherence in hypertension care. Integrated or 
team-based approach involving pharmacists and nurses represents an interesting 
and efficient way to help improve hypertension management and medication adher-
ence and engage patients in their care. Innovative digital health technologies, using 
patient-reported outcome information (telemonitoring, home blood pressure 
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monitors, or patient monitor device), smartphone applications, or electronic health 
records may also play an important role in future hypertension care by helping 
medication adherence management. However, there is limited large- scale evidence 
to support adoption of these new digital health technologies to increase medication 
adherence in hypertension.

Future pragmatic research and healthcare policy changes are needed to determine 
the effects of an integrated care on medication adherence through interventions—
using new digital health technologies—on patients-related factors (e.g., motivation, 
health literacy, medications), healthcare professionals-related factors (e.g., aware-
ness, communication, treatment effectiveness), or healthcare systems-related factors 
(e.g., care coordination, time constraints) in real care setting. Results of such research 
will provide important information for policymakers and confirm whether feasibility 
and large-scale implementation of an integrated approach focus on medication adher-
ence can be realized and value in improving medication adherence.
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21.1  Introduction

Nowadays, arterial hypertension affects one billion people, and its prevalence is 
projected to be 1.5 billion in 2025. It is acknowledged as one of the most important 
risk factors for all-cause mortality and the leading cause for cardiovascular mortal-
ity, morbidity, as well as for disability worldwide.

Despite recent advancements in drug therapy and all the efforts made by both 
clinicians and scientists, hypertension control is still unsatisfactory, and inadequate 
compliance to prescribed treatment is still a major issue in all regions of the world. 
Resistant hypertension still represents a problem in a clinical setting, although 
“true” resistant hypertensive patients could be just a small fraction of this group, the 
majority of them being in reality “spurious” resistant hypertensive subjects, because 
of a “white coat” phenomenon or an insufficient compliance to drug therapy.

In the last decades, progress in information and communication technology 
(ICT) has offered new tools in the so-called eHealth field to improve patients’ 
adherence to therapy, either by checking drug assumption (electronic blisters and 
card readers, ingestible sensors, electronic compliance monitors), by providing 
reminders for timely pill intake (by phone, email, or dedicated devices) or by 
improving follow-up and communication between patients and physicians (elec-
tronic records, dedicated platforms), thus also contributing to fight another major 
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problem represented by physician’s inertia to follow the most recent hypertension 
management guidelines.

Despite promising results in clinical trials, these technologies have struggled to 
find an application in the real world of clinical practice, mainly due to the high cost 
of implementation and maintenance of dedicated devices and their infrastructures.

In recent years, the exponential growth of smartphone users worldwide and the 
fast-paced growth of health-related mobile applications have provided researchers 
with new tools (the so-called mHealth solutions) which might help to improve the 
management of hypertensive patients. Mobile applications are relatively inexpen-
sive to develop and to implement in clinical practice and could be used to address 
all the aforementioned issues that limit patients’ adherence to prescriptions. 
Preliminary studies have shown encouraging results of management strategies 
based on such technologies, both in terms of improving patients’ compliance and of 
achieving blood pressure targets.

Therefore, mHealth carries the potential to represent a major advancement in the 
management of hypertension, with the possibility to lead to a widespread significant 
improvement in clinical outcomes [1]. This possibility, however, needs now to be 
tested by large, randomized clinical trials, that are required to provide strong evi-
dence on the efficacy and cost-effectiveness of these ICT approaches, and—as a 
consequence—to support their widespread adoption in everyday practice.

21.2  eHealth and mHealth

Digital or Electronic Health (eHealth) is defined as the “use of information and 
communication technologies (ICT) for health”, [1, 2] while Mobile Health 
(mHealth), a sub-segment of eHealth, “covers medical and public health practice 
supported by mobile devices such as mobile phones, patient monitoring devices, 
personal digital assistants (PDAs), and other wireless devices” [3].

mHealth is an emerging role-player in health management, with the potential to 
transform healthcare, thanks to its ease of use, broad reach, and wide acceptance 
[4]. In fact, smartphones diffusion is high, even in low- and middle- income coun-
tries: it has been estimated that 3.4 billion people owned a smartphone in 2016, a 
trend projected to be stable in the upcoming years [5]. Notably, the proportion of 
elderly people approaching ICT devices (the so-called late adopters) is steadily 
increasing. Such a developing field also includes an increasing number of applica-
tions specifically designed for smartphones. More than 100,000 mHealth apps are 
currently available, offering a range of functions, from personal guidance systems 
to health-related information collection, and to medications intake reminders. Also, 
many apps are connection tools to wearable devices or sensors (e.g. bracelets or 
watches), able to measure and store a wide range of parameters, among others heart 
rate, blood glucose level, blood pressure, body temperature, sleep quality and dura-
tion, and even the level of brain activities.

mHealth uses techniques and advanced concepts derived from a number of dis-
ciplines, such as computer science, electrical and biomedical engineering, 
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psychology, medicine, and health-related sciences [6]. Apps represent communica-
tion, information, and motivation tools and their use has been shown to increase 
access to health-related information, services and skills, as well as to promote posi-
tive changes in health behaviours, preventing the onset of acute and chronic diseases 
and improving management of chronic conditions. Adoption of these systems has 
opened new perspectives in the field of telemonitoring and could have a potential 
ground-breaking effect on daily management of hypertension, as well as of other 
chronic diseases [7].

21.2.1  mHealth Features

Many features make mHealth an innovative tool for patients, clinicians, and 
researchers.

 1. The wide availability of smartphones and health-related apps allows to reach a 
very high number of people, irrespectively of geographical or socio- economical 
conditions, at a very moderate cost. It has been estimated that 52% of the smart-
phone owners use at least one mHealth app, this tendency showing a prospec-
tively growing trend for the next few years [8]. Characteristic feature of mHealth 
solutions—including low cost and ubiquitous availability—have been identified 
in a recent document by WHO as a major drive for mHealth diffusion both in 
high- and low-income countries, which are trying to cut costs and to boost access 
to healthcare, respectively [9, 10].

 2. Intrinsic smartphone equipment, such as the accelerometers, and the link to 
wearable sensors allow the collection of a considerable amount of potentially 
relevant data on physiological and medical parameters, lifestyle features, 
daily activity types and intensity, as well as on environmental parameters 
(e.g. on barometric pressure and altitude, air temperature, or air pollution). These 
data can then be used to implement evidence-driven healthcare practice interven-
tions, based on recording, storing, and accessing “big data” in a research activity 
framework, and also to empower patients in caring of their clinical conditions, 
facilitating the access to and the understanding of their own health-related 
information.

 3. mHealth supports the delivery of high-quality healthcare services, and enables 
personalized treatment, for example, in individuals suffering from chronic con-
ditions, in whom collection and storage of clinical parameters (e.g. blood glu-
cose in diabetics or blood pressure in hypertensive individuals) favour a more 
effective management by the physician in charge.

 4. Finally, mHealth promotes the transformation of the role of patients, from pas-
sive spectators to participative actors in their own health management, while 
enhancing their awareness and knowledge through sensors that detect and report 
vital signs. This may be further strengthened by the development of ad hoc 
mobile apps that encourage subjects to adhere to lifestyle modifications and to 
drug therapy prescribed by their physicians.
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21.2.2  mHealth Criticalities

As exciting as mHealth might appear, a few issues should be carefully monitored.

 1. Data protection and security of health data. Unwanted sharing with third parties 
and inadequate safety standards for data transmission and processing, all repre-
sent violations of patients’ privacy. A recent survey showed that more than 40% 
of apps users never cared about possible issues deriving from privacy flaws [11].

 2. Lack of control and validation of the content of the apps, plus absence of proper 
scientific validation for some associated signal recording devices [12]. This issue 
may be fuelled by app stores list search results based on the popularity of apps 
(i.e. number of downloads and ranking provided by users), and not on scientific 
criteria. In this system, attractive apps can have an exponential growth and diffu-
sion, irrespectively of the scientific background of their content. Up to now, 
proper regulation and standardization of mHealth technologies has not yet been 
achieved, posing a potential risk for patients’ health. However, in February 2015 
the US Food and Drug Administration (FDA) [13] released guidance recommen-
dations for the developers and distributors of health-related apps, stating that it 
would enforce regulatory requirements over those apps that are designed to diag-
nose, treat, or to prevent a medical condition.

21.3  Smartphone Applications in Clinical Practice

Medically guided use of smartphone applications has been tested for many different 
purposes. Due to their nature, apps appear to be particularly suitable, from a medi-
cal point of view, as a complement for the management of chronic conditions. 
Indeed, the field in which more data on smartphone apps use are available is cardio-
vascular risk reduction, especially in the management of hypertension, weight con-
trol, physical activity, smoking cessation, diabetes, and dyslipidaemia. App 
developed for mHealth are in most cases designed to promote user engagement (e.g. 
using established design principles, conducting usability testing, or undergoing 
iterative development and testing).

21.3.1  Mobile Applications for Hypertension Management

Mobile apps specifically developed to focus on hypertension cover a number of top-
ics, separately or in a comprehensive manner. Among these aspects, blood pressure 
values storage and sharing with health professionals are probably the most impor-
tant ones, but others need to be mentioned, such as offer of educational messages, 
body parameters storage, physical activity tracking, drugs alert, and drug intake 
reminders.
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21.3.1.1  Mobile Applications in Hypertension: Classification
Three main categories of apps dedicated to hypertension can be identified:

 1. apps that record and store BP values manually inserted by users
 2. apps with a function enabling automated transmission of BP values from the BP 

measurement devices to the phone
 3. apps that turn the smartphone into a BP measurement device (e.g. those driving 

an associated cuff inflation or those offering cuffless BP measurement the latter 
in most cases never validated for their accuracy, however)

Apps from the first category are the most flexible and most easily available ones. 
Data entry can be performed in a separate moment from the reading, and they are 
not tied to any specific device. On the other hand, these apps expose to mistyping 
errors and to the subsequent inclusion of erroneous values in data record.

The second group includes apps associated to oscillometric devices (either con-
ventional automated BP measuring devices, or specifically designed cuffs) able to 
automatically send data paired to the smartphone through different transmission 
means [14, 15]. These kind of apps are very convenient for users and assure the reli-
ability of recorded data. On the other hand, they are linked to specific devices, with 
an implication of costs and poor flexibility for the end users.

The third group is at the same time the most appealing one for users, but at the 
same time, as exemplified by the proposal to use non-validated cuffless blood pres-
sure measurements, it is the group raising more concerns among clinicians. The 
latter type of apps sometimes claim to be able to non-invasively measure BP through 
the analysis of the pulse wave velocity/pulse transit time [16, 17], or even without 
the need for any other device than the smartphone itself, by applying the subject’s 
finger to the phone camera or to the touchscreen. Unfortunately, none of these apps 
has been properly validated. In some of these cases, devices offering “cuffless blood 
pressure readings” were considered as “prank” tools by the developers themselves. 
A recent study has clearly demonstrated their inaccuracy, their readings being 
within 15 mmHg of brachial cuff measured systolic BP and within 10 mmHg of 
brachial cuff measured diastolic BP only in 59% and 70% of the times, respectively, 
with a much larger bias in all other instances [18].

21.3.2  Mobile Applications for Compliance Improvement 
in Acute and Chronic Disease

Although direct assessments of drug compliance improvement through the use of 
mobile apps have, to our knowledge, never been performed, indirect measures of 
efficacy may be obtained in chronic conditions, observing the rate of target 
achievement.
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21.3.2.1  Favouring Compliance in Obesity and Weight 
Management

Overweight and obesity significantly contribute to a number of health conditions, 
representing a significant burden on public health [19]. It has been demonstrated 
that a weight loss of 3–5% significantly and favourably impacts on CV risk and in 
particular on hypertension control as well as on the development of type 2 diabetes 
mellitus [20]. A lifestyle change programme, combining a reduced caloric intake, 
increased physical activity, and behavioural strategies, is strongly advised in obese 
patients [21].

mHealth strategies developed to favour weight loss include smartphone applica-
tions, handheld personal digital assistants (PDAs), and interactive voice response 
(IVR) systems [22, 23]. Numerous network-connected devices have also been used 
[24] including e-scales and wireless physical activity monitoring devices. Although 
many cases of non-homogeneities (different follow-up durations, inclusion of 
selected populations, discrepancies in sample size, simultaneous use of non- 
mHealth strategies) make it difficult to properly compare the results of these stud-
ies, there is a general agreement on the positive additional value of mHealth 
strategies, when implemented on top of the traditional strategies, in empowering 
obese patients and in keeping them involved in the attempts to lose weight, espe-
cially in the short and intermediate term (6 month–12 month follow-up) [25].

Five features have been identified by Khaylis et al. [23] able to effectively favour 
technology-based weight loss interventions, i.e.: (a) use of a structured programme, 
(b) self-monitoring, (c) feedback and communication, (d) social support, and (e) 
individual tailoring.

21.3.2.2  Favouring Compliance in Hypertension
Hypertension is one of the most important cardiovascular risk factors and its complica-
tions are considered responsible for 9.4 million deaths/year [26]. Considered its preva-
lence, its susceptibility to lifestyle modification and its lack of symptoms, all features 
that make compliance to treatment difficult to achieve, hypertension appears like a very 
good candidate to be approached though the help of mHealth strategies [27].

Multidisciplinary team approach,  combined with dedicated counselling,  have 
been proved effective in managing hypertensive patients, but are associated with high 
costs. Moreover, self-blood pressure measurement at home is currently promoted by 
a number of National and International Hypertension Guidelines, and is considered 
worldwide a useful additional tool for the management of hypertensive patients.

A small number of RCT have analysed the feasibility and efficacy of mHealth 
strategies, associated with self home BP measurements technologies, to achieve 
hypertension control in the short-to-medium term (6–12 months) [28–30]. Tested 
strategies include educational emails, web-based feedback [31] on reported BP val-
ues, education, and custom messages [32, 33]. Overall, studies in which the patients 
were adequately engaged, were educated to perform home BP self-monitoring, and 
were instructed to regularly and constantly use the mHealth tool provided, turned 
out to be successful, and a significantly better BP control was achieved in the 
mHealth intervention group compared to the group randomized to the traditional 
approach [34]. The studies able to offer a combination of patient educational 
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resources, timely delivery of BP data to providers, and personalized feedback mes-
sages to patients were the most successful both in terms of patients’ engagement 
and BP results achievement, suggesting the effectiveness of this approach. In a 
recent meta-analysis of 13 studies (11 of which were RCTs), Liu et al. [35] com-
pared the effects of internet-based counselling interventions on BP control in prehy-
pertensive and hypertensive patients as compared to standard care. E-counselling 
interventions appeared able to reduce daytime SBP by 3.8 mmHg (95% confidence 
interval, −5.63 to −2.06), with a greater effect the longer the intervention. Finally, 
Liu et  al. also found trends of greater effects when interventions used multiple 
behavioural techniques and were proactive with patients (as opposed to reactive or 
passive approaches).

Whether this multimodality eHealth approach can be as effective as a team-based 
in-person care, this is still to be established. The uneven sampling, the different 
modalities of mHealth intervention, the variability of follow-up duration and the 
differences in measures and outcome make it difficult to properly compare these 
studies results and to draw any general conclusion.

The ESH CARE APP The ESH CARE App is a validated smartphone/tablet 
application with informative content developed and endorsed by the Italian Society 
of Hypertension (SIIA) and by the European Society of Hypertension (ESH). It 
offers many of the functionalities described in successful intervention studies, such 
as support to BP self-monitoring and BP values recording, possibility of easy data 
communication to the physician in charge, general health and social support, and 
individual tailoring of proposed interventions on lifestyle changes. BP and body 
weight data collected by this APP and/or through a home personal computer-based 
system can be stored and emailed to the physician in charge at any preselected time 
interval. It also allows a precise management of patient’s drug treatment with alarm 
reminders. Finally, it represents an educational tool, as it clearly summarizes practi-
cal indications coming from the European hypertension management guidelines 
and also includes a “question and answer” section, where most common questions 
about hypertension are managed, thus offering a “general overview” of all practical 
issues that are related to this condition. The ESH CARE APP also improves health 
facilities accessibility by providing an interactive list of ESH excellence centres all 
over Europe, together with the necessary contact information. This APP was 
launched during the 2015 ESH annual meeting in Milan [36] and is now being 
tested in a number of clinical settings. In particular, a management strategy based 
on the combined use of the mobile app ESH CARE and the online platform 
“Misuriamo”, the latter designed to organize the data sent by the patients to the 
physician, and to combine them with the patient’s health information already avail-
able in the doctor’s computer, has been tested in a pilot study in Northern Italy [37]. 
Nine general practitioners randomized 690 consecutive uncontrolled hypertensive 
patients either to usual care or to this eHealth-based strategy for management. At 
6 months, Office BP control (BP <140/90 mmHg) was 40.0% in control group, and 
72.3% in the eHealth-managed group. At the same time, home BP control (BP 
<135/85 mmHg as an average of 6 days) in the eHealth group was as high as 87.5%, 
thus strongly supporting the favourable impact of this ICT strategy on a better 
hypertension management [37] (Figs. 21.1 and 21.2).
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Fig. 21.1 ESH CARE App screenshots showing pages devoted to BP data input and graphic dis-
play and pages dedicated to patients education on correct lifestyle issues 

Fig. 21.2 ESH CARE App screenshots showing an index of the app content and the pages where 
European hypertension excellence centers can be located through "Google map" facilities 
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21.4  Future Perspective

More research is needed on the topic of mHealth and its contribution to increased 
drug adherence in hypertension. A recent consensus document by the American 
Heart Association (AHA) [1] suggests a few research lines to contribute to the topic, 
ranging from the identification of behavioural targets, individually tailored, which 
would be more effective in BP control, to the extrapolation of existing knowledge of 
effective intervention components for BP control, as derived from in-person 
counselling- based studies and their adaptation to mHealth platforms. Moreover, the 
use of delivery modalities that are currently used by individuals meets the needs of 
their various lifestyles and preferences. Thus, some work across mHealth platforms 
is encouraged (in particular, by focussing on inclusion of trials testing mHealth 
interventions from a broader consumer base, including elderly, disabled, etc.). 
Particular focus is on study techniques able to optimize a continuing patient engage-
ment beyond 6 months, including strategies such as gamification and contingency 
management (incentivization). An important final point to highlight is the need of 
conducting trials comparing the outcome and the cost/benefit ratio of a conventional 
approach with those of mHealth strategies based on effective although yet possibly 
more costly in-person counselling interventions.
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22.1  Global Prevalence and Healthcare Costs  
of Uncontrolled Hypertension

Firstly, hypertension is a chronic disease that affects over one billion people world-
wide [1]. Suboptimal control of blood pressure is a major public health challenge 
because it is a major risk factor for major cardiovascular events [2]. It has been 
estimated that 7.5 million deaths per year worldwide [3–5] and about 4.58 million 
deaths per year in Europe are attributed to cardiovascular diseases [1, 6].

Therefore, improving blood pressure control is a major priority of clinical prac-
tice worldwide [3, 7]. Many individuals with hypertension, however, are unaware of 
their disorder. Among patients who are aware of their disorder, many are not treated 
and many are treated but their blood pressure remains poorly controlled [8]. The 
factors associated with the lack of treatment and control of hypertension are very 
complex, but may include the patient’s non-adherence to prescribed drugs, patient 
behavioral factors, healthcare professional-related factors, and characteristics of the 
healthcare system [7–10].

In Europe, the blood pressure has been still persistently high [2], and this holds 
especially true for the general population of Europe compared with the Americans 
[11]. The proportions of patients with controlled hypertension in the United States 
approximately doubled from 27% in 1988–1994 to 52% in 2007–2010 [12, 13]. 
This improvement was associated with an increase in the proportion of patients 
using antihypertensive drugs and an improvement in blood pressure control among 
treated patients [12–14]. The proportion of treated patients but uncontrolled 
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hypertension who were using more than three antihypertensive drugs increased 
from 16% in 1988–1994 to 28% in 2005–2008 [14]. Again, there is still improve-
ment in the underlying reasons of inadequate control of hypertension in older 
patients, since up to 50% of them still had inadequate control [15–19]. More opti-
mal pharmacotherapy of hypertension needs to assess if the lack of optimal control 
is related to the suboptimal adherence to medication or a true treatment resistant 
hypertension [20].

Secondly, health expenditure for cardiovascular conditions and hypertension 
represent a large proportion of global healthcare costs. In 2006, within Europe, the 
annual expenditure associated with the treatment of cardiovascular conditions was 
estimated to be €169 billion, 60% of which was for direct medical costs [21]. In 
2012, a recent analysis of data from five European countries estimated that the 
direct cost of treating hypertension was €51.5 billion [22]. In 2001, the global 
healthcare cost related to uncontrolled hypertension in the United States was esti-
mated to be US$378 billion, about 10% of the global healthcare expenditure [5, 23].

Non-adherence to antihypertensive drugs results in poor blood pressure control 
[24] and increases in healthcare use and expenditure. In 2004 in the United States, 
it was estimated that non-adherence to treatment increased healthcare expenditure 
by US$792 million [25]. It was also reported that up to 33% of drug-related admis-
sions to hospital were due to non-adherence to prescribed drug regimens [26]. 
Recently, a study published in 2015 that simulated data over a 10-year period sug-
gested that improving antihypertensive drug adherence to 70% would save approxi-
mately €332 million from a national perspective of five European countries, e.g., 
Italy, Germany, France, Spain, and the UK [22].

22.2  Clinical Consequences of Non-adherence 
to Antihypertensive Drugs

One of the most effective strategies to control blood pressure is to prescribe antihy-
pertensive drugs, which reduce the risk of cardiovascular events, and hence decrease 
the economic and clinical burden of hypertension and cardiovascular disease [27–
30]. However, the clinical effectiveness of antihypertensive drugs is closely linked 
to the patient’s adherence to the prescribed treatment [31, 32].

Elevated blood pressure is associated with about 54% of cases of stroke and 47% 
of cases of ischemic heart disease worldwide [33]. A meta-analysis of randomized 
controlled trials demonstrated that the management of blood pressure among 
patients with hypertension is important mainly in terms of reducing the risks of 
cardiovascular disease and mortality [34, 35]. It is notable of a 5 mmHg of diastolic 
blood pressure from antihypertensive drugs compared to the pretreatment level 
reduced the risk of stroke by about 34% and the risk of ischemic heart disease by 
21% [36].

Optimal drug adherence means that the patient takes the drugs as prescribed and 
continues to take the prescribed drug in accordance with the recommendations of 
the patient’s physician, pharmacist, and health professionals [37]. In the real world, 
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however, the adherence to prescribed drugs is often low in patients with chronic 
diseases, and frequently declines in the first year after starting the drug [38–43]. 
Indeed, several reports have shown that nearly half of all patients who start antihy-
pertensive drugs will stop taking their prescribed drug within 1 year [41, 44–46].

Patients with chronic diseases need a strong partnership with their physicians, 
pharmacists, and other healthcare professionals in order to achieve the desired long- 
term goals of treatment. Patients with good adherence to their antihypertensive 
drugs are more likely to experience the desired improvements in blood pressure, 
have a lower risk of adverse cardiovascular outcomes (all-cause hospitalization, 
cardiovascular hospitalization, cardiovascular revascularization, all-cause mortality, 
and cardiovascular mortality), and lower healthcare costs, compared with patients 
with poor adherence [27, 34, 47–53].

A meta-analysis of three decades of empirical research revealed that patients 
with good adherence to their antihypertensive drug had better blood pressure con-
trol than non-adherent patients to their antihypertensive therapies (odds ratio [OR]: 
3.44; 95% confidence interval [CI]: 1.60–7.37) [32].

There is increasing evidence showing that patients with poor adherence to anti-
hypertensive drugs are at much higher risk of adverse outcomes, including cardio-
vascular and all-cause hospitalization, than patients with good adherence [27, 53]. 
For instance, a cohort study showed that, among patients with low or moderate 
adherence, the risk of being hospitalized for cardiovascular-related diseases was 
increased by 33% (OR: 1.33; 95% CI: 1.25–1.41) and the risk of emergency visits 
by 45% (OR: 1.45; 95% CI: 1.33–1.58) compared with patients with adherence 
≥80% [52]. Similarly, another cohort study revealed that a good level of adherence 
(>80%) to antihypertensive drugs significantly lowered the incidence of acute car-
diovascular events, compared with a poor level of adherence (<40%) to antihyper-
tensive drugs (hazard ratio [HR]: 0.62; 95% CI: 0.40–0.96) [54].

There is also evidence that the impact of non-adherence to antihypertensive 
agents is not only observed among patients in secondary prevention but also in pri-
mary prevention. Many observational studies based on administrative databases of 
patients in primary prevention reported that high adherence to antihypertensive 
drugs reduced the risk of cardiovascular diseases. First, high adherence to antihy-
pertensive medications (≥80%) was associated with a risk reduction of 18% [RR: 
0.82 (95% CI: 0.77–0.87)] of coronary artery disease compared to an adherence 
level of <20% [55]; second, high adherence (≥80%) to antihypertensive drugs sig-
nificantly decreased the risk of cerebrovascular disease by 22% (rate ratio, 0.78; 
95% CI, 0.70–0.87) compared to a lower level (<80%) [56]; and thirdly, high adher-
ence level (≥80%) to antihypertensive therapy compared with lower adherence 
level (<80%) was associated with a risk reduction of chronic heart failure events 
(RR: 0.89; 0.80–0.99) [57]. In addition to the primary prevention, observational 
studies also reported significant result in secondary prevention. For instance, high 
adherence to antihypertensive therapy (≥80%) was mirrored by similar adherence 
to statins and antiplatelet agents and was associated with a lower risk of nonfatal 
vascular events after an ischemic stroke compared with lower adherence (>80%) 
(Rate Ratio 0.77 [0.70–0.86]) [58].
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To date, however, few studies have investigated the impact of adherence to antihy-
pertensive drugs on all-cause mortality or cardiovascular mortality [59]. In a cohort 
study using the Korean National Health Insurance Claims Databases, non- adherence 
to antihypertensive drugs (<80%) was associated with a significant increase in all-
cause mortality and the risk of hospitalization for cardiovascular diseases (HR: 1.57; 
95% CI: 1.40–1.76) [27]. The study of Kim et al., 2016 assessed the impact of adher-
ence to antihypertensive drug on the risk of specific causes of cardiovascular-related 
death [60]. Among 33,728 Korean patients, 670 of them died because of ischemic 
heart disease or stroke during the follow-up period. Patient with poor adherence to 
antihypertensive drugs (<50%) were at increased risk of dying due to ischemic heart 
disease (HR: 1.64; 95% CI: 1.16–2.31), cerebral hemorrhage (HR: 2.19; 95% CI: 
1.28–3.77), and cerebral infarction (HR: 1.92; 95% CI: 1.25–2.96) compared with 
patients with good adherence to antihypertensive drugs. The hazard ratios for hospi-
talization due to cardiovascular disease hospitalization were consistent with those for 
mortality.

Those results emphasize the importance of an effective management system and 
strategies to improve drug adherence in clinical practice. This is especially impor-
tant when we consider that uncontrolled hypertension is also associated with 
increased risks of diabetes, stroke, atherosclerosis, and chronic kidney disease such 
as end stage of renal disease [61]. For instance, a high adherence level of 80% or 
more to antihypertensive agents compared to a lower one (<80%) was related to a 
risk reduction of end stage of renal disease (hazard ratio 0.67; 95% confidence inter-
vals 0.54–0.83) [62].

They are always challenges with the estimation using real-world datasets because 
the impact of good adherence seems to be linked with positive clinical outcomes. 
But, we need to pay attention that the results of observational study designs may be 
biased by unmeasured residual confounding. The real-world evidence has the poten-
tial to improve efficiency across the drug development, and also the clinical usage 
decisions with appropriate method development for confounding such as super 
learning technologies. Super learning, an ensemble learning technique that can 
incorporate a greater number and complexity of variables, has been shown to 
improve outcome prediction modeling [63–65]. And also, the approach of “causal 
LASSO” aiming to replicate the context where treatment regimen has been random-
ized though unmeasured confounding that can impact the validity of the estimates, 
as is unavoidable in observational studies.

Technology advances and health care reform efforts are creating an opportunities 
to reshape the current system by which evidence generated from “Big Data” to bet-
ter meet stakeholder needs but the reliability of those data needs to be considered. 
We can argue that validated and facile tools, based on large datasets, can help to 
inform at the real-time decision making to improve the clinical practice and would 
be invaluable but are currently limited.
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22.3  Clinical Consequences of Associated Morbidities 
on Drug Adherence Level

Drug adherence is a complex phenomenon and may also be influenced by many fac-
tors, one of which is the coexistence of other chronic diseases [66]. On the one hand, 
several studies have demonstrated the protective effects of antihypertensive drugs in 
terms of the risks of cardiovascular morbidity and mortality [35, 67], and many 
patients fail to adhere to the prescribed drug, possibly due to asymptomatic and life-
long treatment of hypertension. But, on the other side, in many patients, hypertension 
rarely occurs in isolation. In some studies, it was noted that adherence to antihyperten-
sive drugs was lower in patients with comorbidities [68, 69]. The existence of multiple 
chronic conditions is thought to reduce the likelihood of patients with hypertension 
adhering to the prescribed treatment [70]. It has also been noted that the presence of 
psychiatric conditions (e.g., depression) has adverse effects on adherence to antihy-
pertensive drugs [66] and ultimately leads to poor blood pressure control [71].

The optimal management of common chronic cardiovascular diseases, including 
hypertension, coronary artery disease, and other relevant diseases such as diabetes 
mellitus, is important because they are among the most frequent causes of morbidity 
and mortality [72]. An important component of managing patients with multiple 
chronic diseases involves evaluating the patient’s adherence to the prescribed drugs. 
Poor adherence weakens the effectiveness of the prescribed drugs and is related to 
adverse health outcomes, increased healthcare expenditure (due to hospital admis-
sions and an excess hospital burden), impaired quality of life, and an increased 
mortality rate [37, 47]. In recent years, several studies of non-adherence to drugs 
with proven efficacy in chronically ill patients have focused specifically on various 
chronic diseases, especially diabetes [73–75], chronic heart failure [76–78], neuro-
logic and psychiatric diseases [79–81], cardiovascular disease [82–86], and chronic 
obstructive pulmonary disease [87, 88]. And, some of those studies have also inves-
tigated the factors that may influence adherence [86, 89, 90].

In real clinical setting, patients often have complex healthcare issues due to the 
presence of multiple chronic diseases and interrelated health and social difficulties, 
and such factors may directly or indirectly interfere with healthcare priorities, self- 
care, behavior, and ultimately adherence [91]. A Swedish primary care study noted 
that the presence cardiovascular morbidity was not associated with persistence to 
treatment, except in patients with diabetes, who actually showed greater persistence 
to antihypertensive drugs [92]. Meanwhile, other studies in Germany [93] and the 
United States [94] found no association between the presence of associated mor-
bidities and the persistence [93] and the adherence [94] to antihypertensive therapy. 
However, several coexisting diseases, such as ischemic heart disease, chronic heart 
failure, and dysrhythmia, were linked to higher adherence levels [54, 95].
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Recently, other studies demonstrated an association between the presence of 
multiple comorbidities and poor adherence to cardiovascular drugs [96, 97]. In a 
recent cross-sectional study of approximately 113,397 adults with hypertension 
assigned to public health service of primary care of a south region of Spain in 2010, 
about one-fifth of the patients (22,952) showed poor adherence (<80%) to antihy-
pertensive drugs [98]. The predictors of poor adherence to antihypertensive drugs 
were being female, younger age, rural residency, low blood pressure, polypharmacy, 
and the presence of mental disorders. By contrast, the presence of other cardiovas-
cular risk factors and more frequent medical visits per year were associated with 
better adherence to antihypertensive drugs [98]. And, Saadat et al., 2015 reported 
that the proportion of patients with a high level of adherence decreased from 22% 
among patients with no associated comorbidities to 11% among patients with 3–5 
associated comorbidities [99].

Actually, the impact of coexisting disorders on adherence to antihypertensive 
drugs remains unclear. The highly variable and conflicting results may be due to the 
type of study population, the tool used to measure adherence, the inclusion of pre-
dictors of adherence, and the number and type of comorbidities [100]. Other predic-
tors of drug adherence such as polypharmacy, healthcare use, site of residency, and 
social status need also to be simultaneously considered as potential confounding 
factors. Moreover, none of the studies mentioned above included more than ten 
comorbidities, and most of them focused on cardiovascular diseases and risk fac-
tors, underestimating the impact of multiple chronic diseases.

Thus, the overall message is that the impact of coexisting disorders and poly-
pharmacy on adherence to antihypertensive drugs or other cardiovascular therapies 
remains unclear. And, further research works are needed not only on the impact of 
associated morbidities on adherence level but also on the impact of polypharmacy 
on clinical outcomes, healthcare use, and its related costs. The technology advances 
and big data sets give the opportunity to develop appropriate methodology to assess 
the impact of polypharmacy on clinical outcomes and its related impact on health-
care system.

22.4  Risk Prediction of Population Impact of Implementing 
Guidelines and Interventions on Drug Adherence

In 2014, the Eight Joint National Committee issued revised guidelines with three 
important changes to the 2003 guidelines that were aimed at shifting the focus of 
treatment from systolic blood pressure to diastolic blood pressure in patients aged 
<60 years and those aged >60 years, and in patients with diabetes or chronic kidney 
disease [101]. Based on these changes, implementation of the 2014 guidelines 
would reduce the number of patients eligible for antihypertensive treatment of 1% 
among younger adults and of 8% in older adults [102].

The American College of Cardiology and the American Heart Association 
recommended cost-effectiveness evaluations should be included with the recom-
mendations of clinical guidelines [103]. Moran et al. [104] recently applied the 
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competing risk Cox proportional hazard model proposed by the Framingham 
Heart Study to predict the clinical outcomes of patients without cardiovascular 
disease based on the following predictors: age, sex, diastolic and systolic blood 
pressure, high-density lipoprotein–cholesterol and low-density lipoprotein–cho-
lesterol levels, the presence of chronic kidney disease, smoking status, the pres-
ence of diabetes, and the self-reported antihypertensive drug exposure. They 
estimated the outcomes of treating previously untreated patients aged 35–74 years 
over a 10-year period. The results suggest that the full implementation of the 
2014 guidelines would prevent approximately 56,000 cardiovascular events and 
13,000 deaths from cardiovascular causes per year, and would also provide an 
overall cost savings.

In addition to risk prediction based on clinical guidelines, other models, such 
as microsimulation, can be used to assess the population-level benefits of health-
care interventions [105]. For example, Fontil et  al. [106] developed a Blood 
Pressure Control Model as a decision aid to assess and compare the impact of 
patient-level, physician-level, and system-level interventions in order to improve 
the clinical management of hypertension in the US population. The model com-
bined evidence from published observational and experimental studies together 
with a national data survey. The Blood Pressure Control Model was also validated 
in two large clinical trials on the control of hypertension. The validated model was 
used to predict the outcomes of specific improvements, such as the frequency of 
medical visits, the probability of intensifying treatment according to the patient’s 
blood pressure, and the level of drug adherence. The authors reported that a sub-
stantial improvement in blood pressure control can be achieved if there are major 
improvements in the care process, especially increasing the frequency of face-to-
face contact. In addition, improving the physician’s prescribing habits was 
expected to have a greater impact on blood pressure control than efforts to improve 
the patient’s level of adherence. The proposed model can help researchers and 
healthcare decision-makers to invest in interventional approaches, by targeting 
specific approaches used in the management of particular patient populations, and 
to help identify methods of meeting the public health goals for managing 
hypertension.

Future research works and development of interventions should assess how to 
build drug adherence improvement intervention in longer consultations required 
for patients with multiples morbidities. For instance, building predictive models 
with electronic medical records (including filled drug claims) incorporated in real 
time of the consultation will allow the physicians, pharmacist, healthcare profes-
sionals, and patients to discuss in real time of the predicted risk of outcomes and 
the observed level of medication adherence in order to improve the clinical prac-
tice outcome and adherence to medication. At the physician level, the prediction 
models could have the potential to enhance decision-making on medication pre-
scribing, target high- risk individuals, and discuss strategies to promote treatment 
adherence with their patients. At the patient level, we expect that the risk predic-
tion will motivate high- risk individuals to modify their medication adherence 
[64, 107, 108].
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22.5  Clinical Consequences of Healthcare Professional 
and System on Drug Adherence

In the near future, we believe that eHealth, self-monitoring, prescriber continuity, 
adherence among complex patients, ensuring continuity of adherence by the phar-
macy, and preventive strategies (e.g., diet, healthy behavioral and physical activi-
ties) will be important components of the strategies used to help meet the public 
health goals for the management of hypertension. Electronic tools based on pre-
scription refills integrated into electronic medical records may provide innovative 
and objective tools to measure adherence and its clinical consequence.

Moreover, the medical home visit is also intended to provide a comprehensive, 
patient-centered, coordinated primary care that is combined with system-based 
quality improvement. This model is expected to increase primary care access, 
improve the quality of healthcare delivery, and reduce healthcare expenditure [109–
111]. The potential benefits of the medical home visit are beginning to accrue, spe-
cifically in the improvement of the quality of healthcare and reducing inappropriate 
healthcare interventions [112]. The emerging evidence is promising, but the inher-
ent benefits of the medical home among persons with multiple chronic disease is 
still largely unknown [113]. Nevertheless, the medical home could be used to review 
and improve adherence in patients with multiple chronic disease [114]. In fact, bet-
ter healthcare coordination could help to reduce the number of prescribers and facil-
itate the prescription of optimal drugs. Drug reconciliation could improve the 
management of the prescribed drugs by the clinicians and pharmacists, may reduce 
polypharmacy and drug complexity, and may ultimately improve drug adherence.

22.6  Clinical Consequences of Implementing Patient- 
Centered Approaches and Personalized Evaluations 
of Adherence to Antihypertensive Drugs

Patients with multiple comorbidities, especially cardiometabolic diseases, represent 
a particular challenge in clinical practice because a combination of drugs is often 
required to prevent and treat the diseases and their complications. A typical patient 
with cardiometabolic diseases may therefore require a treatment regimen composed 
of numerous drugs. Such patients may also require treatment for other comorbidi-
ties. Indeed, the number of elderly patients prescribed multiple drugs is rising. In 
2009, 63% of patients receiving public drug insurance in six provinces in Canada 
claimed ≥5 classes of drugs while 23% had claims for ≥10 classes of drugs [115]. 
Notably, the number of classes of drugs prescribed to elderly patients increased with 
age: in 2009, 18% of patients aged 65–74 years, 26% of patients aged 75–84 years, 
and 30% of patients aged ≥85 years had claims for ≥10 drug classes.

Using multiple drugs may lead to problems such as inappropriate dosing, drug 
interactions, adverse drug reactions, treatment failure, and patient non adherence. 
The burden of drug-related morbidity in countries like Canada is enormous in terms 
of healthcare expenditure and avoidable morbidity and mortality [116, 117]. The 
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US Food and Drug Administration (FDA) and its Center for Drug Evaluation and 
Research estimated that the fourth leading cause of death is inappropriate use of 
drugs [118]. The FDA also reported that as many as 110,000 deaths per year might 
be due to inappropriate use of drugs. Extrapolating these estimates to Canada sug-
gests that about 10,000 deaths per year might be related to inappropriate use of 
drugs, and many of these deaths could be avoided by optimizing the patients’ treat-
ment regimens. Studies, especially in the elderly, have estimated that up to 30% of 
hospital admissions are attributable to these unintended events [116, 117]. Several 
factors may explain this staggering statistic: (1) concomitant use of multiple drugs 
in an aging population with comorbid conditions; (2) inadvertent drug–drug interac-
tions; and (3) high intersubject variability in the pharmacodynamic and pharmaco-
kinetic properties of the drugs. It is well documented that the risk of drug–drug 
interactions increases as a function of the number of prescribed drugs: use of >5 
drugs increases the risk of drug–drug interactions by four times and the use of >8 
drugs increases the risk by eight times [119]. The reactions to drugs also vary 
between patients, and are frequently attributable to the different sequences of genes 
involved in the metabolism or biological effect of individual drugs. Indeed, single 
nucleotide polymorphisms in specific genes have been identified as major determi-
nants of the pharmacokinetics and pharmacodynamics of drugs that are routinely 
administered to patients with cardiometabolic diseases, including oral antidiabetic 
drugs, antihypertensive drugs, statins, anticoagulants, antiplatelet drugs, and 
antidepressants.

The regulatory drug approval process for industry requires that in  vitro and 
in vivo studies be conducted to test for drug–drug interactions to facilitate the pre-
diction and prevention of these interactions. Despite the importance of drug–drug 
interactions to patients and industry, most in vivo and in vitro studies evaluate only 
one combination (two drug profiles) of potentially interacting drugs at a time. Thus, 
these studies cannot be generalized to patients with chronic conditions who are tak-
ing complex multidrug regimens. In addition, these studies do not consider the high 
intersubject variability in the pharmacodynamic effects of drugs. These limitations 
are very important, and new guidelines issued by the FDA recommend improve-
ments to pharmacokinetic tests in elderly patients and in patients with multiple 
comorbidities.

Until recently, there was no simple way to make evidence-based predictions 
about the likelihood or severity of clinically important interactions in patients on 
multidrug regimens. The rationale for testing potential multidrug interactions is to 
provide clinical evidence that can support clinical decision-making in the context of 
risk reduction in patients on multidrug regimens [120–122]. A newly developed 
technology (InterMed-Rx) incorporates relevant pharmacokinetic information (bio-
availability, urinary excretion, drug metabolism pathways, and drug transporters) 
relevant to all drugs available in Canada, and healthcare professionals to predict 
possible drug–drug interactions among various drugs [120]. Recent advances in 
molecular biology testing and genetics, as well as knowledge integration and analysis 
technologies, have allowed us to develop improved decision trees and algorithms to 
establish optimized treatment strategies, which integrate all relevant pharmacogenetic, 
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pharmacokinetic, and pharmacodynamic information related to individual drugs. 
These strategies consider genetic information, environmental factors, and the 
patient’s unique clinical condition.

In addition to patient-centered approach and personalized evaluation, other fac-
tors need also to be discussed. Despite increasing familiarity with international 
guidelines, physicians do not always adhere to the guidelines and they are not 
always fully implemented in clinical practice [123–125]. The failure to adhere to 
treatment guidelines may represent a conscious decision by the physician when 
treating a patient. The physician’s knowledge of the guidelines is also a major factor 
that will influence the physician’s ability to adhere them [126]. This not only applies 
to physicians, but may also be relevant to pharmacists and other healthcare profes-
sionals who are involved in the management of patients with hypertension. It is also 
possible that the physician’s decisions are influenced by the patient’s concerns and 
preferences [125, 127, 128]. Clearly, comprehensive analyses of the treatment prac-
tices of physicians, pharmacists, and other healthcare professionals involved in the 
management of patients with hypertension (with or without associated morbidities) 
are needed if we hope to propose remedial and curative measures to support health-
care professionals in the management of these patients [129].

Moreover, more precise algorithms for gendered approaches may lead to a more 
specific and effective strategic treatment [130]. For doing so, more evidence-based 
clinical trial data are required, and the implementation of new gender-sensitive find-
ing into the research and healthcare strategies is needed [130].

22.7  Clinical Consequences of Changes to Healthcare 
Professional- and Policy-Related Factors on Adherence

Despite the availability of clinical guidelines, clinical awareness of hypertension, 
and self-awareness of hypertension, the treatment and control of hypertension are 
far from adequate [131–134]. Some of the major challenges are the number of 
guidelines on this topic and the quality of these guidelines [135–138]. Al-Ansary 
et al. wrote a systematic review [131] on the quality, methodology, and consistency 
of the recommendations of several recent national clinical practice guidelines on the 
diagnosis, assessment, and management of hypertension. The recommendations for 
non-pharmacological management of hypertension were fairly consistent across the 
guidelines. However, the recommendations for the initial intention to treat, changes 
to treatment, and multidrug regimens varied among the guidelines. Moreover, 
important aspects of the management of drug resistance were reported in just 50% 
of 11 clinical practice guidelines. The variations in the methodologic quality of the 
guidelines suggest that their implementation may not result in worse management 
or better outcomes. The authors proposed that more effort is needed in order to 
establish a realistic approach and to be able to implement high-quality clinical prac-
tice guidelines within a national context.

One important reason why the healthcare system does not implement prevention 
and treatment guidelines constantly may be due to the lack of a patient-centered 
approach and prioritization at the point of care. We need to evaluate the time needs 
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to fully assess and implement all clinical relevant recommendations in order to 
improve their implementation [139–151]. A more systematic approach to personal-
izing and prioritizing guidelines may improve patient outcomes [152]. However, 
several studies have suggested that clinicians and healthcare professionals need to 
know which guidelines provide the greatest benefit to each patient, and it may be 
difficult to prioritize the most appropriate guideline [153–156].

In addition to implement treatment guidelines, the enforcement of outcome predic-
tive models derived from numerical data in real time could certainly change the clinical 
practice model and the optimal implementation of guidelines to better organize health-
care, and improve adherence level and health-related outcomes [64, 107, 108]. We also 
need to fully understand the impact the implementation of predictive models in clinical 
practice at the patient-, physician-, pharmacist-, and healthcare professional level.

Moreover, we need to have more understanding of the role in initial medication 
adherence of chronic care, health system, health professionals, and patient factors 
that collectively influence the treatment trajectory. Patient adherence to prescribed 
dosing regimen is recognized as a significant challenge in the healthcare field. 
Objective measures of patient adherence patterns have the potential to facilitate 
product design to ameliorate these behaviors in real clinical setting and also to 
impact clinical trial design in a way that accounts for such patterns.

Strategies for the management of hypertension should continue to not only focus 
on preventable and modifiable risk factors but also consider the societal issues 
[157]. The challenge in global health practices will include challenge for health 
systems (governance, actors, and patients) and sustainable economic models, access 
to precision medicine (diagnostic strategies, precision treatment, effectiveness, and 
safety), health science (data access, data science, research development), new infor-
mation channels (training, formation, quality of formation), and all ethical issues 
relevant to the challenge in global health practices (Fig. 22.1).

-Optimal integration 
 of effective diagnosis, 
 prevention and therapies
-Understanding multi-level 
 components such as 
 behavioral, benefit/risk ratio, 
 efficacy, effectiveness and 
 efficiency
-Theories and strategies 
 leading to improvement in 
 health, as well as efficient 
 healthcare systems and 
 use of healthcare resources
-Information channels including 
 information and training
-Sustainable economic models
-Ethical issues

-Optimal use of genomics 
 data and psychological 
 data and lifestyle data to 
 conduct clinical and patient 
 decision making
-Ongoing development of 
 genomics evidence base 
(Gene candidate, GWAS, 
 polygenic scoring)
-Assessment of clinical utility, 
 personalized risk prediction 
and population impact-Use of ongoing patient level data to 

 system level data to drive health care 
 system improvement
-Focusing on tool development with 
 interactive and ongoing learning 
 system
-Participation of all stakeholders e.g. 
 governance, actors and patients

Improvement of patient 
health, population 

health, healthcare use 
and healthcare system

IMPLEMENTATION OF 
EFFICIENT SCIENCE
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MEDICINE

LEARNING
HEALTHCARE

SYSTEM

Fig. 22.1 Challenges for implementation of efficient sciences, precision medicine, health science, 
information channels, ethical issues, and sustainable models
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