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Abstract
Nonadherence is a common reason for treatment failure
and treatment resistance. No matter how it is defined, it is a
major issue in the management of chronic illnesses. There
are numerous methods to assess adherence, each with its
own strengths and weaknesses; however, no single method
is considered the best. Nonadherence is common in patients
with hypertension, and it is present in a large proportion of
patients with uncontrolled blood pressure taking three or
more antihypertensive agents. Availability of procedure-based
treatment options for these patients has shed further light

Introduction
The treatment of most chronic illnesses is often characterised
by long-term pharmacological interventions, which have been
shown to be effective through a series of rigorous clinical
trials. These pharmacological interventions are only effective
if patients follow medical advice on the prescribed treatment
regimen. Suboptimal or nonadherence is common; on
average, around 50% of all prescribed medications for chronic
conditions are not taken as prescribed.1,2 Nonadherence has
serious health and socioeconomic implications.
Adherence to medications is associated with improved health
benefits and patient outcomes. A meta-analysis has shown
that adherence to prescribed beneficial medication, including
a placebo, is associated with significantly lower mortality
compared with suboptimal adherence.3
Nonadherence puts an enormous cost burden on the health
service through medication wastage. A report of a study
commissioned by the Department of Health, UK, in 2010
estimated the cost of National Health Service primary and
community care prescription medicines wastage in England
to be £300 million per year and that for antihypertensive
medication to be at least £100 million a year.4
There is no consistency on how medication adherence
is reported in the literature.5 Adherence can be reported

on this important issue with development of new methods
to assess adherence. There is, however, no consensus on the
management of nonadherence, which reflects the complex
interplay of factors responsible for it.
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qualitatively as patient being adherent or nonadherent,
which will depend on the method used to assess adherence.
Medication adherence percentage is a common quantitative
measure used. It is defined as the percentage of number of pills
taken during a certain period in respect of the number of pills
prescribed by a clinician during the same period.6
There is no consensus on the threshold to define adherence
and nonadherence. Traditionally, a cut-off value of 80% has
been used to dichotomise adherence; healthcare usage and
costs in many chronic conditions including hypertension,
diabetes, hyperlipidaemia, and schizophrenia are noted to
be reduced in patients where medication adherence exceeds
80%.7–11 In hypertension consumption, >80% of the prescribed
medications have been shown to maintain blood pressure
control.12
In this article, we have reviewed medication nonadherence
in chronic health conditions with particular reference to
treatment-resistant hypertension (TRH).

Medication adherence in
clinical trials
Achievement of optimal adherence in a randomised controlled
trial is important. Level of adherence influences the magnitude
of observed treatment effect; greater adherence increases the
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effect size, and poor adherence may fail to distinguish the two
treatments. Furthermore, nonadherence to a treatment with
worse adverse effects profile may falsely prove to be of similar
safety when compared to treatment with a favourable adverse
effects profile. Adherence is also an important indicator of
how readily a treatment is accepted by patients. Despite its
importance, adherence is underreported in clinical trials, with
only 33–46% of published randomised controlled trials (RCTs)
reporting adherence rates.5,13 On the other hand, reported
rates of adherence are often remarkably high in these RCTs,
resulting in potential overestimation of adherence due to
underreporting.5,13–16 This may be related to the extra attention
received by study patients, patient selection, and the observer
effect altering patient behaviour.

medications, taken at maximum tolerated doses, are unsuccessful
in controlling clinic blood pressure to a target less than 140
mmHg systolic and or 90 mmHg diastolic.20 The publication of
SPRINT trial has challenged the well-established target blood
pressures for diagnosis and treatment of hypertension.21 In light
of its findings, the American College of Cardiology/American
Heart Association has updated its hypertension guidelines
with a radical change in the blood pressure targets used for
diagnosis and treatment of hypertension; lowering the level of
blood pressure to 130/80 mmHg also affects the definition of
treatment-resistant hypertension.22 The American definition has
retained the second element of the definition, which includes
patients with controlled blood pressure taking four or more
antihypertensive medications.

Assessment of medication
adherence
Numerous methods exist to assess the medication-taking
behaviour of patients, and they are broadly classified into
direct and indirect methods (Table 1). Direct methods include
direct observation of medication being ingested by the
patient, detection of a drug or its metabolite in the blood or
urine, detection of a biological marker that is included in the
drug formulation, and more recently automatic electronic
monitoring of drug ingestion by incorporating a specially
designed microchip within each dose of a drug.17 The direct
methods provide proof that medication has been taken by the
patient and are the most accurate measure of adherence.
Indirect measures of adherence have been the most widely used
methods in research. These include patient interview, pill count,
patient diary, patient questionnaire, measurement of physiological
markers, and medication event monitoring system (MEMS).
The various measures of adherence have their strengths and
weaknesses and may be appropriate in different situations
(Table 1). No single measure of adherence can be classed as
the gold standard, and a combination of measures may be
used to maximise the accuracy.18,19 As described in the section
on apparent TRH, a varied range of adherence measures have
been used for the assessment of adherence in TRH with the
direct testing of the drug or its metabolite in serum or urine
being the commonest in the recent years. This choice is likely a
manifestation of the healthcare setting where these studies have
been carried out; specialist hypertension centres with access
to sophisticated medical laboratories are able to perform these
tests. These centres will have a larger proportion of patients with
TRH; therefore, developing an assay to detect antihypertensive
drugs and their metabolites is cost effective in the long run.

Prevalence of treatment-resistant
hypertension
TRH has been defined as uncontrolled blood pressure where at
least a diuretic and two other different classes of antihypertensive

The former definition is widely used to estimate the prevalence
of TRH with reported estimates ranging from 5 to 30%.23–28 A
systematic review by Achelrod et al. report the pooled estimate
of prevalence of TRH of 13.7% (95% confidence interval [CI]:
11.19–16.24).29 Hayek et al. have illustrated that the prevalence
of TRH can easily be manipulated depending on the stringency
of the definition used.30 They showed that in the same
population the prevalence dropped from 30.9% (SBP >140
mmHg and ≥3 medications or controlled on four medications)
to 3.4% (ensuring at least three medications are maximally
dosed and one is diuretic).
The wide range of prevalence figures reflects the challenges
in separating the true resistance from apparent resistance.
Ambulatory blood pressure monitoring (ABPM) has been
the gold standard for diagnosis of hypertension, as it helps
to exclude white-coat hypertension. In treated hypertensive
patients, the term white-coat effect (WCE) is used instead.
WCE is one of the main reasons for the widely variable
reported prevalence rates of TRH. Clinic or office blood pressure
readings have been used in studies to estimate the prevalence
of TRH until recently. With the increasing use of ABPM in clinical
practice, it is now clear that white-coat effect is common in
treated hypertensive individuals.31 Furthermore, a positive
correlation exists between clinic blood pressure and the
magnitude of WCE suggesting that individuals with the highest
clinic blood pressure have the largest WCE.31,32 It is therefore
not surprising that a large proportion of patients with TRH have
been found to have significant WCE.27,33 De la Sierra et al. found
that in a large Spanish registry of 68,045 treated hypertensive
individuals, 8295 (12.2%) had TRH, of which 3113 (37.5%) had
WCE such that their ABPM results classified them as having
controlled blood pressure instead.27
The importance of accurately identifying patients with true
TRH cannot be overestimated; there is growing evidence
to suggest that these patients are at a much higher risk of
cardiovascular events, chronic kidney disease, and death.34,35
Daugherty et al. have shown that, after adjustment, the hazard
ratio for developing a cardiovascular event in this population
is 1.47 (95% CI: 1.33–1.62).34 Salles et al. found that over a
5-year follow-up period, patients with true TRH had a 2.4-fold
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Different measures of adherence and their respective advantages and disadvantages.

Measure

Advantages

Disadvantages

Directly observed
therapy

Most accurate
Able to assess side effects as they appear

Resource intensive
Patients may still hide the medications in their
mouth before discarding them
Provides Yes/No information on adherence

Measurement of
medication or its
metabolite in urine or
serum

Objective

Expensive assays required
May only be qualitative; i.e. Yes/No
Susceptible to abuse; i.e. mixing medications
in urine sample
Adherence only tested at a single point in
time
White-coat adherence occurs when patients
know the schedule of tests
Variations in medication metabolism

Measurement of
biological marker

Objective

Expensive
Intrusive – requires collection of bodily
specimens

Electronic microchip
within a drug

Objective
Accurate
Can be used as a reference for other measures
Information on individual patient medicationtaking behaviour

Expensive
Requires technical support

Electronic medication
monitors

Provides detailed information on pattern and
level of adherence
Accurate
Can identify partial adherence
Often used as a standard to compare other
measures against

Expensive
Requires technical support
Overestimation can occur where patients
accidently or intentionally open the container
It requires medications to be removed from
their original packaging

Prescription refill rates

Can identify patients at risk for treatment failure
Provide medication-refilling pattern
Can provide accurate information in some
healthcare systems that require verification for
insurance purposes.

Records may be incomplete or difficult to
access
Assumptions are made about medicationtaking behaviours
Unable to identify partial adherence

Pill count

Objective and accurate
Provides information on long-term adherence

Patients can hoard or keep back medications
to appear to be adherent or they simple forget
to bring some or all the medications
Can be time consuming if taking numerous
medications
Arbitrary cut-off value used to define
nonadherence
Cannot identify medication-taking pattern

Measurement of
clinical response or
physiological markers

Can be simple, quick, and generally easily to
perform such as measuring heart rate in patients
taking beta-blockers

Other factors may affect the clinical response
or the physiological marker

Patient questionnaires

Simple, inexpensive
Provide real-time feedback
Identify belief and barriers to adherence
Validated for use

Affected by patient recall
Patients can easily distort the results
Relatively poor sensitivity and specificity
Affected by language barriers and the
questions in the questionnaire

Patient diaries

Simple
Can overcome poor recall
Can be used for children or patients with learning
difficulties by their parents or carers, etc.

Open to manipulation by patients or their
carers

Direct

Indirect
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(95% CI, 1.0–5.8-fold) increased risk of having a fatal or nonfatal
cardiovascular event compared with white-coat TRH patients.33

Direct observation has often been used as a surrogate
marker for adherence.40,41 A sustained reduction in blood
pressure following observed ingestion of tablets indicates
prior nonadherence although any blood pressure reduction
observed could be attributable to blood pressure variability,
white-coat effect, or regression of blood pressure to the
mean. Grassi et al. showed that 32% of patients presenting to
emergency department with a systolic blood pressure >180
mmHg and/or diastolic blood pressure >110 mmHg had a
drop of least a 20 mmHg in basal systolic blood pressure and/
or a 10 mmHg reduction in basal diastolic blood pressure
after a 30‐minute-period of rest where patients were seated
in a comfortable and quiet room without talking or active
listening.42 Some of these limitations can be minimised by using
standardised and guideline-recommended blood pressure
measurements and ABPM prior to commencing the directly
observed therapy to exclude white-coat effect and reduce visitto-visit blood pressure variability and regression to the mean.41

Medication nonadherence and
apparent treatment-resistant
hypertension
In medicine, the term ‘resistant’ implies a condition that fails
to respond to usual medical therapy. In hypertension, there
are eight different classes of antihypertensive medications
available – namely, thiazide/thiazide-like diuretics, renin
angiotensin system inhibitors, calcium channel antagonists,
alpha-adrenergic receptor blockers, beta-adrenergic receptor
blockers, central vasodilators, aldosterone receptor antagonists,
and miscellaneous. The recommended three first-line
antihypertensive agents include calcium channel antagonists,
renin angiotensin system inhibitors, and thiazide diuretics.
There is emerging evidence that the preferred fourth-line
antihypertensive agents are aldosterone receptor antagonists
when compared with beta-adrenergic receptor blockers and
alpha-adrenergic receptor blockers.36
Patients need to sufficiently adhere to the prescribed therapy
for it to be considered to have failed. Therefore, assessment
of adherence is a crucial aspect of management of patients
with chronic conditions such as hypertension. Furthermore,
increasing the number of antihypertensive medications
may lead to increased risk of adverse effects and possible
drug interactions. Medication adverse effects negatively
impact patients’ adherence and uncertainty on the part of
the physician as to whether or not to intensify treatment.
This ‘clinical inertia’ is detrimental to patients with true TRH
given the high risks of morbidity and mortality associated
with uncontrolled blood pressure. Assessment of adherence
may help to overcome this inertia. Studies reporting rates of
nonadherence in patients with TRH and the methods used to
assess adherence are summarised in Table 2.
Observational cohort or cross-sectional reports from specialist
hypertension centres or general hospitals form the mainstay of
studies describing the prevalence of nonadherence amongst
TRH patients.37 Ceral et al. used liquid chromatography with
mass spectrometry (LC–MS) to detect antihypertensive drugs
in sera of 84 patients with apparent TRH.38 All of the evaluated
antihypertensive drugs were present in 29 (34.5%) patients, no
drugs were detected in the same number, and the remaining
26 (31%) had some of their antihypertensive drugs in their sera.
Jung et al. concluded that low adherence was the commonest
cause of poor blood pressure control amongst 375 patients
referred with uncontrolled blood pressure.39 After excluding
white-coat effect, secondary causes of hypertension, and
optimisation of antihypertensive therapy, 76 patients remained
in whom LC–MS was carried out on urine samples. They found
that 36 (47%) were adherent and 40 (53%) were nonadherent, of
which 12 (30%) had complete nonadherence.

We showed that in patients with TRH, after optimisation of
antihypertensive therapy, exclusion of secondary causes of
hypertension, and WCE, only half of the patients were truly
treatment resistant.41 In nonadherent patients, the mean 24hour ambulatory blood pressure drop observed was 19.5/9.4
mmHg when compared to ABPM carried out preceding the
directly observed therapy. Although, this method makes intuitive
sense in patients with TRH, it is resource and time intensive.
Patients require close monitoring, as dramatic drops in blood
pressure can often lead to symptomatic hypotension in patients.
Population studies have been able to study adherence
rates in much larger populations.34,43 Sim et al., using
hypertension databases of Kaiser Permanente healthcare
system in the United States, found that amongst the 60,327
individuals with resistant hypertension 7% were nonadherent.
They used proportion of days covered by antihypertensives
based on pharmacy refill data and a cut-off of 80% to
dichotomise adherence.43 Daugherty et al. looked at 205,750
incident patients diagnosed with hypertension; 3960 patients
went on to develop TRH, on the basis of office blood pressure
readings, during a median 1.5 years from initial treatment.
Amongst the 3472 patients with TRH who had adherence
assessed by prescription refill rate, 430 patients (12.4%) were
nonadherent.34 Interestingly, the same authors reported
in a separate analysis that in a cohort of 3550 TRH patients,
treatment intensification but not medication adherence was
significantly associated with 1-year blood pressure control.44
A number of possible explanations have been suggested by
the authors including clinical inertia, comorbid conditions, and
lack of evidence to support the use of ≥3 antihypertensives
at the time. It is possible that clinicians may be reluctant to
intensify treatment if they are uncertain about a patient’s
adherence; Rose et al. showed that adherent patients were
more likely to receive treatment intensification which improved
blood pressure control.45
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Table 2. Summary of studies reporting rates of nonadherence and the methods used to measure adherence.
Study

Definition of TRH

Adherence method

Sample Number
size
nonadherent (%)

Daugherty et al.34

AHA/ESH/ESC

Prescription refill rate – nonadherent
if proportion of days covered was
<80%

3472

430 (12.4)

Sim et al.43

AHA/ESH/ESC

Prescription refill rate – nonadherent
if proportion of days covered was
<80%

60,327

4223 (7.0)

Burnier et al.47

SBP ≥140 or DBP ≥90 on ≥3 AHTs MEMS – nonadherent if <80% of days
on two consecutive visits ≥1
covered
month apart

41

21 (51.2)

Grigoryan et al.46

ABPM ≥135/85 or (≥125/75 if
diabetic) on ≥3 AHTs

69

20 (29.0)

Garg et al.68

SBP ≥140 or DBP ≥90 on ≥3 AHTs Patient interview – physician
determines if patient is nonadherent

141

23 (16.0)

Yakovlevich et al.69

SBP ≥140 or DBP ≥90 on ≥3 AHTs Patient interview – physician
determines if patient is nonadherent

91

9 (9.9)

Massierer et al.70

BP ≥140/90 on ≥3 AHTs incl.
a diuretic

Self-reported questionnaire –
nonadherent if score ≥3 on 4-item
Morisky Medication Adherence Scale
(MMAS-4)

86

21 (24.4)

Hameed et al.41

SBP ≥140 or DBP ≥90
on ≥3 AHTs

Directly observed therapy (DOT) –
≥5 mmHg reduction in mean 24-hour
ambulatory SBP between Pre-DOT
and DOT measurements was used to
indicate nonadherence

50

25 (50)

Brinker et al.71

AHA/ESH/ESC

Therapeutic drug monitoring –
nonadherence defined if levels of
≥1 AHTs below minimal detection
limit

56

30 (53.6)

Ceral et al.38

SBP ≥150 or DBP ≥95
on ≥3 AHTs

Serum drug level – nonadherence
defined if levels of ≥1 AHTs below
minimal detection limit

84

55 (65.5)

Ewen et al.72

SBP ≥140 on ≥3 AHTs incl. a
diuretic at highest or maximally
tolerated dose

Direct testing of plasma and/or urine – 100
nonadherence defined if levels of ≥1
AHTs below minimal detection limit

48 (48.0)

Jung et al.39

Clinic BP ≥140/90 or ABPM
≥130/80 on ≥4 AHTs

Direct testing of urine –
nonadherence defined if levels of ≥1
AHTs below minimal detection limit

76

40 (52.6)

Rosa et al.73

Clinic BP ≥140/90 and ABPM
≥130/80 on ≥3 AHTs

Direct testing of blood –
nonadherence defined if levels of ≥1
AHTs below minimal detection limit

72

27 (37.5)

Strauch et al.74

Clinic BP ≥140/90 and ABPM
≥130/80 on ≥3 AHTs

Direct testing of blood –
nonadherence defined if levels of ≥1
AHTs below minimal detection limit

339

110 (32.4)

Beaussier et al.75

SBP ≥140 or DBP ≥90 on ≥3 AHTs Combination of plasma test, urine
164
incl. a diuretic
test, pill count, and patient interview –
each element was given a score and a
score of <2 defined nonadherence

MEMS – nonadherent if taking <80%
of all prescribed doses

30 (18.3)

ABPM, ambulatory blood pressure monitoring; AHA, American Heart Association; AHTs, antihypertensives; BP, blood pressure;
DBP, diastolic blood pressure; ESC, European Society of Cardiology; ESH, European Society of hypertension; MEMS, medication
event monitoring system; SBP, systolic blood pressure; TRH, treatment-resistant hypertension.
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MEMS, a type of electronic adherence measure where a
microchip integrated in the cap of the medication packaging
records the date and time whenever it is opened, has been
used to assess adherence in TRH patients.46,47 Grigoryan
et al., using MEMS bottle caps, showed that pseudoresistance
(nonadherence and WCE) was present in half of the patients
with apparent TRH; nonadherence was present in 20 of the
69 (29%) patients.46 Burnier et al. highlight the superiority
of electronic devices in adherence monitoring in that the
continuous monitoring itself can improve adherence and blood
pressure control as well as provide the clinicians with detailed
and objective information on patients’ medication-taking
behaviours.47
A recent systematic review by Durand et al. summarises 24
published studies reporting adherence in TRH patients.37 There
was an average of 86 patients from 21 studies, the largest
of which included 339 patients. They report a pooled mean
nonadherence rate of 31.2%, with highest rates reported in
studies that used direct methods testing patients’ sera or urine,
followed by studies that used directly observed therapy (47.9
and 44.6%, respectively). The lowest rate of nonadherence was
found in a single study reporting on medication possession
ratio at 3.3%. Interestingly, a more recently published study by
Durand et al. of a primary care hypertensive cohort showed
nonadherence estimates ranged from 20.3 to 41.1% depending
on the assessment method used. They found a weak-to-moderate
association between indirect and direct measures of adherence.48
Therefore, white-coat effect and suboptimal adherence are
common causes of apparent TRH. Published research in
this field often fails to exclude either one or both of these
factors when reporting on the prevalence of TRH. Estimated
prevalence of apparent TRH of 13.7% will drop taking into
account the nonadherence rates and WCE, each estimated to
be 31.2 and 37.5%, respectively. Only one very recent study
systematically tested and excluded pseudoresistance and
showed a true TRH prevalence of 3.3% (95% CI: 3.0–4.0).49 Even
a conservative estimate of 50% pseudoresistance will bring the
prevalence of true TRH to around 6–7% of total hypertensive
population. The recent change in the American guideline may,
however, increase this estimate.
Despite evidence of suggesting high rates of nonadherence
in TRH patients, there is very little in the literature reporting
on causes of nonadherence.37 Baseline blood pressure, age,
gender, ethnicity, income, and other socioeconomic indicators
have been linked to nonadherence in TRH. We and others have
shown that pill burden is associated with nonadherence.50,51
Reasons for nonadherence are rarely attributable to one
single factor and are instead complex and multifactorial. The
World Health Organization proposed model suggests the
factors responsible for medication nonadherence can be
categorised into five domains – social- and economic-related
factors, health system/healthcare team-related factors, therapyrelated factors, condition-related factors, and patient-related
factors – which apply to the hypertensive population as well.52,53
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Management of nonadherence to
antihypertensive medication
There is no proven intervention that has been shown to
significantly improve adherence.1 It is important to have a
careful consultation with the patient to identify and address
the potential causes of suboptimal adherence. The risks and
consequences of nonadherence and the resultant uncontrolled
blood pressure should be explained using simple language and
visual aids. Patients should be asked how they are managing
their drugs in regards to dosing frequency, pill burden, and side
effects. It may be necessary to change the medication regimen
to fewer daily doses and even monotherapy, but frequent
changes in medication regimen should be avoided. It may also
be necessary to negotiate a reduction in the number of drugs
aiming for a higher and more realistic blood pressure target.
The importance and effectiveness of lifestyle modifications in
lowering blood pressure should be emphasised.53
Up to 75% of patients with hypertension require more than one
antihypertensive agent to achieve blood pressure control.54
Single-pill fixed-dose combinations have been recommended,
for patients requiring more than one antihypertensive
agent, to help improve adherence and consequently blood
pressure control.20,22 A meta-analysis has shown that fixeddrug combinations improve adherence and persistence in
hypertensive patients with nonsignificant beneficial trends in
blood pressure and adverse effects compared with free drug
combinations.55 A cohort study of 13,350 patients comparing
fixed-drug with free-drug combinations also showed that
the fixed-drug combination group had superior adherence
rates of 70% compared to 42%, and a significantly lower risk of
composite clinical outcomes including death or hospitalisation
for acute myocardial infarction, heart failure, or stroke.56 More
recently, the use of low-dose fixed triple drug combination
antihypertensive pills has been shown to improve blood pressure
control compared to usual care in patients with mild to moderate
hypertension.57 This low-dose fixed-drug combination (FDC)
treatment is being suggested as the initial therapy compared
to the currently accepted practice of monotherapy. Apart
from reducing pill burden, it may be associated with reduced
adverse effects and consequently increased acceptability by
the patients due to the lower doses of individual agents used.
Furthermore, targeting of different pathways by different
antihypertensive agents may improve efficacy. A pilot study has
shown that a single-pill fixed triple drug combination achieved
a mean reduction of 22.8/13.6 mmHg in clinic blood pressure
and 9.3 mmHg reduction in 24-hour mean arterial pressure after
18 weeks in 13 patients with TRH.58 Further larger studies are
warranted in patients with TRH to assess the effectiveness of FDC
and their impact on patients’ medication-taking behaviour.
Self-monitoring of blood pressure, where patients monitor their
own blood pressure at home, has been used as an intervention
to show improvements in blood pressure 59,60 and adherence61
Patients self-monitoring their blood pressure at home consulted
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less often with their primary care physician who helps to bring
the costs of self-monitoring on par with usual care.62 Selfmonitoring on its own, however, may not be enough to improve
blood pressure control. Complex interventions, including
systematic medication titration by doctors, pharmacists, or
patients; education; or lifestyle counselling, in conjunction with
self-monitoring lead to clinically significant blood pressure
reduction, which persists for at least 12 months.63 A recent
randomised controlled trial has shown that self-monitoring, with
or without telemonitoring, when used by primary care physicians
to titrate antihypertensive treatment in individuals with
uncontrolled hypertension, significantly lowers blood pressure
compared with titration guided by clinic readings.64 However, the
efficacy of self-monitoring of blood pressure in lowering blood
pressure in individuals with TRH has not yet been demonstrated.
Motivational interviewing has a robust evidence base to increase
motivation and facilitate change across a range of healthrelated behaviours. A meta-analysis of hypertension studies,65
involving seven underpowered randomised controlled trials,
shows that motivational interviewing has a significant effect on
systolic blood pressure both after intervention and at follow-up.
However, most studies had small sample sizes limiting statistical
power, and motivational interviewing was often used as one
component of multiple interventions. Although there is lack of
robust evidence for its efficacy in apparent TRH, it is a low-cost,
easy-to-administer intervention that may be tried in this situation.
A recent study suggests that repeated biochemical urine and
serum analyses for antihypertensive agents may be used as
a therapeutic approach to improve blood pressure control in

drugsincontext.com

nonadherent hypertensive patients. In this study, from two
hypertension centres in Europe (UK and Czech Republic),
discussing results of urine (UK) and serum (Czech Republic),
antihypertensive assays with nonadherent patients resulted
in improvements in adherence and blood pressure control – an
average reduction of 19.5/7.5 mmHg in one centre and 32.6/17.4
in the other.66 However, this was a retrospective study with
unclear follow-up period, and, by the authors’ own admission,
white-coat adherence effect could not be ruled out.
Finally, a recent randomised controlled trial tested if a
smartphone app to increase patient engagement would
improve medication adherence and blood pressure control in
411 patients with uncontrolled hypertension. There was a small
improvement in self-reported adherence in the intervention
group, but there was no difference in the blood pressure
control between the intervention and control groups.67

Conclusion
A large proportion of patients with apparent treatmentresistant hypertension are nonadherent to prescribed
treatment. Availability of urine assays for antihypertensive
drugs and metabolites in the recent years has made it easier
to identify nonadherence, which has significant detrimental
consequences. However, no single management strategy
has been shown to be effective in improving adherence in
apparent treatment-resistant hypertension. Future research
should focus on identifying interventions that will improve
adherence in this group of patients.

Contributions: All named authors meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship for this article,
take responsibility for the integrity of the work as a whole, and have given their approval for this version to be published.

Disclosure and potential conflicts of interest: The authors declare that there is no conflict of interest in preparing this article. The
International Committee of Medical Journal Editors (ICMJE) Potential Conflicts of Interests form for the authors are available for download at
http://www.drugsincontext.com/wp-content/uploads/2019/01/dic.212560-COI.pdf

Acknowledgements: None.
Funding declaration: No grants or fees were received by the authors in preparation of this manuscript. ID received an unrestricted research
grant from Medtronic.

Copyright: Copyright © 2019 Hameed MA, Dasgupta I. Published by Drugs in Context under Creative Commons License Deed CC BY NC ND 4.0
which allows anyone to copy, distribute, and transmit the article provided it is properly attributed in the manner specified below. No commercial
use without permission.

Correct attribution: Copyright © 2019 Hameed MA, Dasgupta I. https://doi.org/10.7573/dic.212560. Published by Drugs in Context under
Creative Commons License Deed CC BY NC ND 4.0.
Article URL: https://www.drugsincontext.com/medication-adherence-and-treatment-resistant-hypertension:-a-review
Correspondence: Indranil Dasgupta, Department of Renal Medicine, Birmingham Heartlands Hospital, Bordesley Green East, Birmingham,
B9 5SS, UK. indranil.dasgupta@heartofengland.nhs.uk

Provenance: invited; externally peer reviewed.
Submitted: 21 September 2018; Peer review comments to author: 19 October 2018; Revised manuscript received: 28 December 2018;
Accepted: 2 January 2019; Publication date: 4 February 2019.
Drugs in Context is published by BioExcel Publishing Ltd. Registered office: Plaza Building, Lee High Road, London, England, SE13 5PT.
BioExcel Publishing Limited is registered in England Number 10038393. VAT GB 252 7720 07.
For all manuscript and submissions enquiries, contact the Editor-in-Chief gordon.mallarkey@bioexcelpublishing.com
For all permissions, rights and reprints, contact David Hughes david.hughes@bioexcelpublishing.com

Hameed MA, Dasgupta I. Drugs in Context 2019; 8: 212560. DOI: 10.7573/dic.212560
ISSN: 1740-4398

7 of 11

REVIEW – Medication adherence and treatment-resistant hypertension

drugsincontext.com

References
1.
2.
3.
4.
5.

6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

23.
24.

Nieuwlaat R, Wilczynski N, Navarro T, et al. Interventions for enhancing medication adherence. Cochrane Database Syst Rev.
2014(11):Cd000011. http://dx.doi.org/10.1002/14651858.CD000011.pub4
Naderi SH, Bestwick JP, Wald DS. Adherence to drugs that prevent cardiovascular disease: meta-analysis on 376,162 patients.
Am J Med. 2012;125(9):882–887. http://dx.doi.org/10.1016/j.amjmed.2011.12.013
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. http://dx.doi.org/10.1136/bmj.38875.675486.55
Trueman P, Taylor DG, Lowson K, et al. Evaluation of the Scale, Causes and Costs of Waste Medicines. York: University of York; 2010.
Gossec L, Dougados M, Tubach F, 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):248–254.
https://doi.org/10.1097/MAJ.0b013e318068dde8
Brown MT, Bussell JK. Medication adherence: who cares? Mayo Clinic Proc. 2011;86(4):304–314.
http://dx.doi.org/10.4065/mcp.2010.0575
Lau DT, Nau DP. Oral antihyperglycemic medication nonadherence and subsequent hospitalization among individuals with type
2 diabetes. Diabetes Care. 2004;27(9):2149–2153. http://dx.doi.org/10.2337/diacare.27.9.2149
Steiner JF, Earnest MA. The language of medication-taking. Ann Intern Med. 2000;132(11):926–930.
http://dx.doi.org/10.7326/0003-4819-132-11-200006060-00026
Benner JS, Pollack MF, Smith TW, Bullano MF, Willey VJ, Williams SA. Association between short-term effectiveness of statins and
long-term adherence to lipid-lowering therapy. Am J Health Syst Pharm. 2005;62(14):1468–1475.
http://dx.doi.org/10.2146/ajhp040419
Woltmann EM, Valenstein M, Welsh DE, et al. Using pharmacy data on partial adherence to inform clinical care of patients with
serious mental illness. Psychiatr Serv. 2007;58(6):864–867. http://dx.doi.org/10.1176/ps.2007.58.6.864
Karve S, Cleves MA, Helm M, Hudson TJ, West DS, Martin BC. Good and poor adherence: optimal cut-point for adherence measures
using administrative claims data. Curr Med Res Opin. 2009;25(9):2303–2310. http://dx.doi.org/10.1185/03007990903126833
Rudnick KV, Sackett DL, Hirst S, Holmes C. Hypertension in a family practice. Can Med Assoc J. 1977;117(5):492–497. PubMed
PMID: 1879998
Zhang Z, Peluso MJ, Gross CP, Viscoli CM, Kernan WN. Adherence reporting in randomized controlled trials. Clin Trials.
2014;11(2):195–204. http://dx.doi.org/10.1177/1740774513512565
Waeber B, Leonetti G, Kolloch R, McInnes GT, group ftHs. Compliance with aspirin or placebo in the hypertension optimal
treatment (hot) study J Hypertens. 1999;17(7):1041–1045. PubMed PMID: 10419079
Claxton AJ, Cramer J, Pierce C. A systematic review of the associations between dose regimens and medication compliance.
Clinical Therapeutics. 2001;23(8):1296–1310. https://doi.org/10.1016/S0149-2918(01)80109-0
Cramer J, Rosenheck R, Kirk G, Krol W, Krystal J. Medication compliance feedback and monitoring in a clinical trial: predictors and
outcomes. Value Health. 2003;6(5):566–573. https://doi.org/10.1046/j.1524-4733.2003.65269.x
Belknap R, Weis S, Brookens A, et al. Feasibility of an ingestible sensor-based system for monitoring adherence to tuberculosis
therapy. PloS One. 2013;8(1):e53373. http://dx.doi.org/10.1371/journal.pone.0053373
Liu H, Golin CE, Miller LG, et al. A comparison study of multiple measures of adherence to HIV protease inhibitors. Ann Intern Med.
2001;134(10):968–977. http://dx.doi.org/10.7326/0003-4819-134-10-200105150-00011
Turner BJ, Hecht FM. Improving on a coin toss to predict patient adherence to medications. Ann Intern Med. 2001;134(10):1004–
1006. http://dx.doi.org/10.7326/0003-4819-134-10-200105150-00015
Mancia G, Fagard R, Narkiewicz K, et al. 2013 esh/esc guidelines for the management of arterial hypertensionthe task force for the
management of arterial hypertension of the European Society of Hypertension (ESH) and of the European Society of Cardiology
(ESC). Eur Heart J. 2013;34(28):2159–2219. http://dx.doi.org/10.1093/eurheartj/eht151
Group SR, Wright JT Jr, Williamson JD, et al. A randomized trial of intensive versus standard blood-pressure control. N Engl J Med.
2015;373(22):2103–2116. http://dx.doi.org/10.1056/NEJMoa1511939
Whelton PK, Carey RM, Aronow WS, et al. 2017 acc/aha/aapa/abc/acpm/ags/apha/ash/aspc/nma/pcna guideline for the
prevention, detection, evaluation, and management of high blood pressure in adults. A Report of the American College of
Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. J Am Coll Cardiol. 2018;71(19):e127–e248.
http://dx.doi.org/10.1016/j.jacc.2017.11.006
Hajjar I, Kotchen TA. Trends in prevalence, awareness, treatment, and control of hypertension in the United States, 1988–2000.
JAMA. 2003;290(2):199–206. http://dx.doi.org/10.1001/jama.290.2.199
Cushman WC, Ford CE, Cutler JA, et al. Success and predictors of blood pressure control in diverse north American settings: the
antihypertensive and lipid-lowering treatment to prevent heart attack trial (ALLHAT). J Clin Hypertens. 2002;4(6):393–404.
http://dx.doi.org/10.1111/j.1524-6175.2002.02045.x

Hameed MA, Dasgupta I. Drugs in Context 2019; 8: 212560. DOI: 10.7573/dic.212560
ISSN: 1740-4398

8 of 11

REVIEW – Medication adherence and treatment-resistant hypertension

drugsincontext.com

25. Egan BM, Zhao Y, Axon RN, Brzezinski WA, Ferdinand KC. Uncontrolled and apparent treatment resistant hypertension in the
United States, 1988 to 2008. Circulation. 2011;124(9):1046–1058. http://dx.doi.org/10.1161/CIRCULATIONAHA.111.030189
26. Persell SD. Prevalence of resistant hypertension in the United States, 2003–2008. Hypertension. 2011;57(6):1076–1080.
http://dx.doi.org/10.1161/HYPERTENSIONAHA.111.170308
27. de la Sierra A, Segura J, Banegas JR, et al. Clinical features of 8295 patients with resistant hypertension classified on the basis of
ambulatory blood pressure monitoring. Hypertension. 2011;57(5):898–902.
http://dx.doi.org/10.1161/HYPERTENSIONAHA.110.168948
28. Hanselin MR, Saseen JJ, Allen RR, Marrs JC, Nair KV. Description of antihypertensive use in patients with resistant hypertension
prescribed four or more agents. Hypertension. 2011;58(6):1008–1013. http://dx.doi.org/10.1161/hypertensionaha.111.180497
29. Achelrod D, Wenzel U, Frey S. Systematic review and meta-analysis of the prevalence of resistant hypertension in treated
hypertensive populations. Am J Hypertens. 2015;28(3):355–361. http://dx.doi.org/10.1093/ajh/hpu151
30. Hayek SS, Abdou MH, Demoss BD, et al. Prevalence of resistant hypertension and eligibility for catheter-based renal denervation
in hypertensive outpatients. Am J Hypertens. 2013;26(12):1452–1458. http://dx.doi.org/10.1093/ajh/hpt132
31. Thomas O, Shipman KE, Day K, Thomas M, Martin U, Dasgupta I. Prevalence and determinants of white coat effect in a large uk
hypertension clinic population. J Human Hypertens. 2015;30:386. http://dx.doi.org/10.1038/jhh.2015.95
32. Head GA, Mihailidou AS, Duggan KA, et al. Definition of ambulatory blood pressure targets for diagnosis and treatment of
hypertension in relation to clinic blood pressure: prospective cohort study. BMJ. 2010;340:c1104.
http://dx.doi.org/10.1136/bmj.c1104
33. Salles Gf CCLMES. Prognostic influence of office and ambulatory blood pressures in resistant hypertension. Arch Intern Med.
2008;168(21):2340–2346. http://dx.doi.org/10.1001/archinte.168.21.2340
34. Daugherty SL, Powers JD, Magid DJ, et al. Incidence and prognosis of resistant hypertension in hypertensive patients. Circulation.
2012;125(13):1635–1642. http://dx.doi.org/10.1161/CIRCULATIONAHA.111.068064
35. Sim JJ, Bhandari SK, Shi J, et al. Comparative risk of renal, cardiovascular, and mortality outcomes in controlled, uncontrolled
resistant, and nonresistant hypertension. Kidney Int. 2015;88(3):622–632. https://doi.org/10.1038/ki.2015.142
36. Williams B, MacDonald TM, Morant S, et al. Spironolactone versus placebo, bisoprolol, and doxazosin to determine the
optimal treatment for drug-resistant hypertension (pathway-2): a randomised, double-blind, crossover trial. Lancet.
2015;386(10008):2059–2068. http://dx.doi.org/10.1016/S0140-6736(15)00257-3
37. Durand H, Hayes P, Morrissey EC, et al. Medication adherence among patients with apparent treatment-resistant hypertension:
systematic review and meta-analysis. J Hypertens. 2017;35(12):2346–2357. http://dx.doi.org/10.1097/hjh.0000000000001502
38. Ceral J, Habrdova V, Vorisek V, Bima M, Pelouch R, Solar M. Difficult-to-control arterial hypertension or uncooperative
patients? The assessment of serum antihypertensive drug levels to differentiate non-responsiveness from non-adherence to
recommended therapy. Hypertens Res. 2011;34(1):87–90. http://dx.doi.org/10.1038/hr.2010.183
39. Jung O, Gechter JL, Wunder C, et al. Resistant hypertension? Assessment of adherence by toxicological urine analysis. J Hypertens.
2013;31(4):766–774. http://dx.doi.org/10.1097/HJH.0b013e32835e2286
40. Bunker J, Callister W, Chang CL, Sever PS. How common is true resistant hypertension? J Hum Hypertens. 2011;25(2):137–140.
http://dx.doi.org/10.1038/jhh.2010.108
41. Hameed MA, Tebbit L, Jacques N, Thomas M, Dasgupta I. Non-adherence to antihypertensive medication is very common among
resistant hypertensives: results of a directly observed therapy clinic. J Hum Hypertens. 2016;30(2):83–89.
http://dx.doi.org/10.1038/jhh.2015.38
42. Grassi D, O’Flaherty M, Pellizzari M, et al. Hypertensive urgencies in the emergency department: evaluating blood pressure
response to rest and to antihypertensive drugs with different profiles. J Clin Hypertens. 2008;10(9):662–667.
http://dx.doi.org/10.1111/j.1751-7176.2008.00001.x
43. Sim JJ, Bhandari SK, Shi J, et al. Characteristics of resistant hypertension in a large, ethnically diverse hypertension population of
an integrated health system. Mayo Clin Proc. 2013;88(10):1099–1107. http://dx.doi.org/10.1016/j.mayocp.2013.06.017
44. Daugherty SL, Powers JD, Magid DJ, et al. The association between medication adherence and treatment intensification with
blood pressure control in resistant hypertension. Hypertension. 2012;60(2):303–309.
http://dx.doi.org/10.1161/HYPERTENSIONAHA.112.192096
45. Rose AJ, Berlowitz DR, Manze M, Orner MB, Kressin NR. Intensifying therapy for hypertension despite suboptimal adherence.
Hypertension. 2009;54(3):524–529. http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.133389
46. Grigoryan L, Pavlik VN, Hyman DJ. Characteristics, drug combinations and dosages of primary care patients with uncontrolled
ambulatory blood pressure and high medication adherence. J Am Soc Hypertens. 2013;7(6):10.1016/j.jash.2013.1006.1004.
http://dx.doi.org/10.1016/j.jash.2013.06.004
47. Burnier M, Schneider MP, Chiolero A, Stubi CL, Brunner HR. Electronic compliance monitoring in resistant hypertension: the basis
for rational therapeutic decisions. J Hypertens. 2001;19(2):335–341. PubMed PMID: 11212978

Hameed MA, Dasgupta I. Drugs in Context 2019; 8: 212560. DOI: 10.7573/dic.212560
ISSN: 1740-4398

9 of 11

REVIEW – Medication adherence and treatment-resistant hypertension

drugsincontext.com

48. Durand H, Hayes P, Harhen B, et al. Medication adherence for resistant hypertension: assessing theoretical predictors of
adherence using direct and indirect adherence measures. Br J Health Psychol. 2018;23(4):949–966.
http://dx.doi.org/10.1111/bjhp.12332.
49. Hayes P, Casey M, Glynn LG, et al. Prevalence of treatment-resistant hypertension after considering pseudo-resistance and morbidity:
a cross-sectional study in Irish primary care. Br J Gen Pract. 2018;68(671):e394–e400. http://dx.doi.org/10.3399/bjgp18X696221
50. Lawson A, Brown R, P Cappuccio F, et al. P-37 non-adherence to antihypertensive medications is related to total pill burden.
J Hum Hypertens. 2017;31(10):682 (abstract). http://dx.doi.org/10.1038/jhh.2017.63
51. Gupta P, Patel P, Strauch B, et al. Risk factors for nonadherence to antihypertensive treatment. Hypertension. 2017;69(6):1113–1120.
http://dx.doi.org/10.1161/hypertensionaha.116.08729
52. Sabaté E. Adherence to Long-Term Therapies: Evidence for Action. Geneva, Switzerland: World Health Organisation; 2003.
53. Hameed MA, Dasgupta I, Gill P. Poor adherence to antihypertensive drugs. BMJ. 2016;354:i3268.
http://dx.doi.org/10.1136/bmj.i3268
54. Gradman AH, Basile JN, Carter BL, Bakris GL. Combination therapy in hypertension. J Am Soc Hypertens. 2010;4(2):90–98.
http://dx.doi.org/10.1016/j.jash.2010.03.001
55. Gupta AK, Arshad S, Poulter NR. Compliance, safety, and effectiveness of fixed-dose combinations of antihypertensive agents: a
meta-analysis. Hypertension. 2010;55(2):399–407. http://dx.doi.org/10.1161/HYPERTENSIONAHA.109.139816
56. Verma AA, Khuu W, Tadrous M, Gomes T, Mamdani MM. Fixed-dose combination antihypertensive medications, adherence, and
clinical outcomes: a population-based retrospective cohort study. PLOS Med. 2018;15(6):e1002584.
http://dx.doi.org/10.1371/journal.pmed.1002584
57. Webster R, Salam A, de Silva H, et al. Fixed low-dose triple combination antihypertensive medication vs usual care for blood
pressure control in patients with mild to moderate hypertension in Sri Lanka: a randomized clinical trial. JAMA. 2018;320(6):566–579.
http://dx.doi.org/10.1001/jama.2018.10359
58. Reinhold K, Jurgen S, Antonios D. Single-pill triple fixed dose combination therapy with single component drug monitoring in
treatment-resistant hypertension: a pilot study. Curr Vasc Pharmacol. 2018;16(2):197–203.
http://dx.doi.org/10.2174/1570161115666170821155555
59. Uhlig K, Patel K, Ip S, Kitsios GD, Balk EM. Self-measured blood pressure monitoring in the management of hypertension: a
systematic review and meta-analysis. Ann Int Med. 2013;159(3):185–194.
http://dx.doi.org/10.7326/0003-4819-159-3-201308060-00008
60. Fletcher BR, Hartmann-Boyce J, Hinton L, McManus RJ. The effect of self-monitoring of blood pressure on medication adherence
and lifestyle factors: a systematic review and meta-analysis. Am J Hypertens. 2015;28(10):1209–1221.
http://dx.doi.org/10.1093/ajh/hpv008
61. Ogedegbe G, Schoenthaler A. A systematic review of the effects of home blood pressure monitoring on medication adherence.
J Clin Hypertens. 2006;8(3):174–180. http://dx.doi.org/doi:10.1111/j.1524-6175.2006.04872.x
62. McManus RJ, Mant J, Bray EP, et al. Telemonitoring and self-management in the control of hypertension (tasminh2): a randomised
controlled trial. Lancet 2010;376(9736):163–172. http://dx.doi.org/10.1016/S0140-6736(10)60964-6
63. Tucker KL, Sheppard JP, Stevens R, et al. Self-monitoring of blood pressure in hypertension: a systematic review and individual
patient data meta-analysis. PLOS Med. 2017;14(9):e1002389. http://dx.doi.org/10.1371/journal.pmed.1002389
64. McManus RJ, Mant J, Franssen M, et al. Efficacy of self-monitored blood pressure, with or without telemonitoring, for titration of
antihypertensive medication (tasminh4): an unmasked randomised controlled trial. Lancet. 2018;391(10124):949–959.
http://dx.doi.org/10.1016/S0140-6736(18)30309-X
65. Ren Y, Yang H, Browning C, Thomas S, Liu M. Therapeutic effects of motivational interviewing on blood pressure control: a metaanalysis of randomized controlled trials. Int J Cardiol. 2014;172(2):509–511. http://dx.doi.org/10.1016/j.ijcard.2014.01.051
66. Gupta P, Patel P, Strauch B, et al. Biochemical screening for nonadherence is associated with blood pressure reduction and
improvement in adherence. Hypertension. 2017;70(5):1042–1048. http://dx.doi.org/10.1161/hypertensionaha.117.09631
67. Morawski K, Ghazinouri R, Krumme A, et al. Association of a smartphone application with medication adherence and blood
pressure control: the MedISAFE-BP randomized clinical trial. JAMA Intern Med. 2018;178(6):802–809.
http://dx.doi.org/10.1001/jamainternmed.2018.0447
68. Garg JP, Service RUH, Elliott WJ, et al. Resistant hypertension revisited: a comparison of two university-based cohorts.
Am J Hypertens. 2005;18(5):619–626. http://dx.doi.org/10.1016/j.amjhyper.2004.11.021
69. Yakovlevitch M, Black HR. Resistant hypertension in a tertiary care clinic. Arch Intern Med. 1991;151(9):1786–1792.
http://dx.doi.org/10.1001/archinte.1991.00400090078014
70. Massierer D, Oliveira ACT, Steinhorst AM, et al. Prevalence of resistant hypertension in non-elderly adults: prospective study in a
clinical setting. Arq Bras Cardiol. 2012;99:630–635. http://dx.doi.org/10.1590/S0066-782X2012005000051
71. Brinker S, Pandey A, Ayers C, et al. Therapeutic drug monitoring facilitates blood pressure control in resistant hypertension.
J Am Coll Cardiol. 2014;63(8):834–835. http://dx.doi.org/10.1016/j.jacc.2013.10.067

Hameed MA, Dasgupta I. Drugs in Context 2019; 8: 212560. DOI: 10.7573/dic.212560
ISSN: 1740-4398

10 of 11

REVIEW – Medication adherence and treatment-resistant hypertension

drugsincontext.com

72. Ewen S, Meyer MR, Cremers B, et al. Blood pressure reductions following catheter-based renal denervation are not related
to improvements in adherence to antihypertensive drugs measured by urine/plasma toxicological analysis. Clin Res Cardiol.
2015;104(12):1097–1105. http://dx.doi.org/10.1007/s00392-015-0905-5
73. Rosa J, Zelinka T, Petrak O, et al. Importance of thorough investigation of resistant hypertension before renal denervation: should
compliance to treatment be evaluated systematically? J Hum Hypertens. 2014;28(11):684–688. http://dx.doi.org/10.1038/jhh.2014.3
74. Strauch B, Petrak O, Zelinka T, et al. Precise assessment of noncompliance with the antihypertensive therapy in patients with
resistant hypertension using toxicological serum analysis. J Hypertens. 2013;31(12):2455–2461.
http://dx.doi.org/10.1097/HJH.0b013e3283652c61
75. Beaussier H, Boutouyrie P, Bobrie G, et al. True antihypertensive efficacy of sequential nephron blockade in patients with resistant
hypertension and confirmed medication adherence. J Hypertens. 2015;33(12):2526–2533.
http://dx.doi.org/10.1097/hjh.0000000000000737

Hameed MA, Dasgupta I. Drugs in Context 2019; 8: 212560. DOI: 10.7573/dic.212560
ISSN: 1740-4398

11 of 11

