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Global Clinical Consequences 2 2
of Poor Adherence

Sylvie Perreault

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].



302 S. Perreault

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.

224 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).

PRECISION

IMPLEMENTATION OF
EFFICIENT SCIENCE

MEDICINE

-Optimal use of genomics
data and psychological

-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

Improvement of patient
health, population
health, healthcare use
and healthcare system

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

LEARNING
HEALTHCARE
SYSTEM

-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

Fig.22.1 Challenges for implementation of efficient sciences, precision medicine, health science,
information channels, ethical issues, and sustainable models
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