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13 February 2008WHAT IS ALREADY KNOWN ABOUT

THIS SUBJECT
• Insufficient drug adherence is an important

reason for inadequate blood pressure
control.

• Currently, methods that measure drug
adherence objectively are lacking. Objective
methods are needed to help improve blood
pressure control and outcome in
hypertensive patients.

WHAT THIS STUDY ADDS
• Potassium bromide added to

antihypertensive drugs can be used to
monitor drug adherence in individual
patients.

• However, although this method is objective,
it is rather time-, cost- and work-consuming.

AIMS
Adherence to antihypertensive medication is essential for adequate
long-term control of blood pressure (BP). This study investigated
different methods of measuring adherence in hypertensive patients.

METHODS
Patients were included if BP was insufficiently controlled on
monotherapy. After a placebo period patients were treated with
trandolapril 2 mg/verapamil SR 180 mg (TV). BP was determined using
a mercury sphygmomanometer and ambulatory BP monitoring.
Adherence was measured by capsule counting, electronic registration
of pill-box openings and by measuring serum bromide concentrations.
Potassium bromide was added to each TV capsule.

RESULTS
Thirty patients participated in the study. Treatment with TV significantly
lowered office BP and ambulatory BP.
Results for electronic monitoring and adherence based on bromide
measurements were comparable. Adherence was slightly higher when
assessed by capsule counting.

CONCLUSIONS
Measuring serum bromide concentrations may be suitable for
assessment of adherence to drug therapy giving comparable results to
electronic monitoring. Using capsule counting, electronic monitoring
and measurement of bromide concentrations, nonadherent patients
were identified.

Introduction

Hypertension is one of the most important risk-factors for
cardiovascular morbidity and mortality. In general, high
blood pressure (BP) responds well to drug treatment.
However, it is often challenging for patients to take anti-
hypertensive drugs for many years,especially if drug intake

is associated with side-effects while the increased BP itself
is asymptomatic.

Adherence to a medication regimen, defined as the
extent to which patients take prescribed medications [1],
is a major factor determining the success of hypertension
treatment. In chronic conditions, including hypertension,
adherence to the prescribed drug regimen is often low.
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Adherence is difficult to measure and although several
methods have been described and tested [1], objective
methods to measure drug-adherence are needed.We have
previously documented that potassium bromide has phar-
macokinetic properties that may make it a useful marker to
estimate drug intake [2].

The aim of the present study was to examine whether
the ‘bromide-method’ can be considered to be at least of
similar quality as electronic monitoring (MEMS).

Methods

Patients were included if their diastolic BP (DBP) was
�95 mmHg and/or systolic (SBP) �160 mmHg despite at
least 4 weeks of monotherapy. Patients were informed that
the purpose of the study was to see if BP could be
adequately lowered with a combination of two antihyper-
tensive drugs. They were not informed that the study was
actually designed to assess adherence to drug therapy,
as this would possibly affect study outcome.The study was
approved by the Hospital Ethics Committee and written
informed consent was obtained.

Antihypertensive medication was stopped. Patients
received a placebo for 4 weeks and then treatment with
the combination of trandolapril 2 mg and verapamil SR
180 mg (TV) once daily was started and continued for
20 weeks. To each TV capsule 30 mg potassium bromide
was added. Office blood pressure (OBP) was measured
with a mercury sphygmomanometer every 2 weeks during
the placebo period and at weeks 2, 4, 8, 12, 16 and 20 of the
treatment period. Ambulatory BP monitoring was carried
out 2 weeks after starting placebo and 8 and 16 weeks
after starting drug treatment.

Adherence was measured using three methods:
capsule counting, electronic monitoring, and measuring
serum bromide concentrations. Adherence based on
capsule counting was measured by dividing the number of
capsules taken by the expected number of capsules taken
Adherence was defined as ‘good’, when the drug intake
was �80% based on capsule counting.

The second method for measuring adherence was
electronic monitoring. Adherence was calculated as the
number of times the container was opened divided by the
number of days the capsules should have been taken. It
was defined as ‘good’ when adherence was �80% based
on electronic monitoring.

The third method for assessment of adherence was
measuring serum bromide concentrations. Blood samples
for bromide concentrations were taken at clinic visits
throughout the study period: every 2 weeks during the
placebo period and at weeks 2, 4, 8, 12, 16 and 20 of the
treatment period.

Recently we studied the pharmacokinetic properties of
bromide in a group of 24 healthy volunteers using differ-
ent amounts of potassium bromide [2]. The mean increase

in bromide concentrations in the eight volunteers taking
24 mg potassium bromide daily was used as the cut-off
level for 80% adherence: an increase in serum bromide
concentration equal to or above the cut-off level was
defined as good adherence.

Statistical analysis
Results were analyzed using Student’s t-test. Differences
with a P value < 0.05 (two-sided) were considered statisti-
cally significant. Correlations were calculated by using the
Pearson’s coefficient of correlation. Results are presented
as mean � SD, unless indicated otherwise.

Results

Fourteen men and 16 women, participated in the study.
Baseline characteristics are shown in Table 1. Two patients
discontinued drug treatment, one patient in treatment
week 2 because of a maculo-papular reaction and another
patient at week 16 because of dramatic personal events
not related to the study. No serious adverse effects were
reported.

The results for measuring adherence by the three
methods are shown in Table 2. Based on capsule counting
almost all patients showed good adherence (intake �80%
of expected) over the whole treatment period. One patient
returned the container 2 weeks after the last visit and was
considered to be nonadherent. According to electronic
monitoring adherence was‘good’(at least 80% of expected
openings of the drug container) for all patients except
for two patients during the second treatment period
(between 12 weeks and 20 weeks of treatment).Two other
patients were considered to be nonadherent because
recordings were missing after the last visit.

The bromide concentration increased from 0.06 �
0.01 mmol l-1 at baseline to 0.26 � 0.06 mmol l-1 (mean of
weeks 12, 16 and 20). The individual changes in bromide
concentration during treatment are shown in Figure 1.The
mean � SEM change in bromide concentration after 12, 16

Table 1
Baseline characteristics of patients (mean � SD are given)

Mean (� SD)

Age (years) 53 (� 10)
Height (cm) 171 (� 7)

Body weight (kg) 82 (� 13)
BMI (kg m-2) 27.9 (� 4.6)

Heart rate (beats min-1) 76 (� 12)
Blood pressure (mmHg) Office SBP Office DBP

At start of placebo period 151 (� 13) 101 (� 4)
At week 2 of placebo period 159 (� 15) 105 (� 5)
At week 4 of placebo period 158 (� 15) 105 (� 5)

DBP, diastolic blood pressure; SBP, systolic blood pressure.
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and 20 weeks was 0.21 � 0.01 mmol l-1. This change was
comparable with the mean increase in bromide in the
eight volunteers taking 30 mg potassium bromide
(0.21 � 0.01 mmol l-1vs. 0.18 � 0.02 mmol l-1, Figure 1) [2].

In our previous study we demonstrated that the
increase in serum bromide concentrations associated with
a defined dose of potassium bromide, negatively corre-
lates with body weight [2]. This was confirmed in the
current study where the coefficient of correlation between
body weight and change in bromide concentration was
-0.53.

The two patients who were categorized as ‘poor’adher-
ers appeared to have a high body-weight, 91 kg and 98 kg,
respectively. Based on electronic monitoring the adher-
ence of these patients was 82% and 102%, respectively,
during treatment weeks 12–20. For all four patients who
were found to be nonadherent based on electronic moni-
toring, adherence was good based on serum bromide
measurements.

Treatment with TV for 20 weeks decreased OBP by 9.6/
7.5 (� 11.4/6.4) mmHg (both P values < 0.05).

Compared with baseline (visit 2), there was also a
significant decrease in systolic and diastolic ABPM. SBP
decreased from 146.2 (� 13.9) to 135.4 (� 12.8) at week 8
and to 135.8 (� 11.6) mmHg at week 16. DBP decreased
from 92.7 (� 8.4) to 85.0 (� 7.7) at week 8 and to 85.5
(� 8.0) mmHg at week 16.

Discussion

Several methods have been developed for assessment of
adherence [1]. Questionnaires like the Morisky medication
adherence scale and the Hill-Bone medication adherence
scale were developed to provide a simple method of
assessing adherence [3,4].These methods were not used in
the current study. Another method of assessing adherence
is capsule counting. This method is known to be less reli-
able, because its results can easily be influenced by the
patient who can discard capsules [5]. More recently elec-
tronic monitoring has been introduced, an accurate
method of measuring adherence [1, 6–8]. A patient would
consistently have to open and close the pill container
without taking medication to circumvent this method.
However, both methods do not prove the ingestion of
drugs. To overcome this particular disadvantage, markers
have been added to the drugs and the marker concentra-
tions have been used to measure adherence. In the past
low doses of digoxin, phenobarbital and bromide have
been used [9–12]. Bromide is potentially suitable as a
marker for adherence, because of its long half-life (about
12 days) and because it is not associated with side-effects
in the small dosages used [2].

In this small study all three methods of measuring
adherence appeared to give similar results. Not surpris-
ingly capsule counting was associated with the highest
level of adherence. By using electronic monitoring and
measuring serum bromide concentrations nonadherent
patients could be identified. Although measurement of
bromide added to the antihypertensive drug confirms
actual drug intake, there are also disadvantages. Multiple
blood samplings are necessary and the method is quite
time-, cost- and work-consuming. Another disadvantage is
that the increase in bromide concentrations is influenced
by body weight and it can only monitor intake of one drug
or a fixed combination of drugs in one capsule at a
time. The interindividual variation in the serum bromide

Table 2
Assessment of adherence by three different methods

Method n

Number adherent
at 12 weeks of
treatment
period (%) n

Number adherent
at 20 weeks of
treatment
period (%)

Capsule counting*
‘Good’ adherence 29 29 (100) 28 27 (96)

Electronic monitoring†
‘Good’ adherence 29 29 (100) 28 24 (86)

Serum bromide concentration
‘Good’ adherence 29 27 (93) 28 26 (93)

n, number of patients. For all methods: one patient withdrew at week 2 of
treatment period, one patient at week 16.*One patient returned container 2
weeks after last visit, this patient was considered to be nonadherent. †For two
patients track cap recording was missing at last visit (week 20). These patients
were considered to be nonadherent. Also two patients were found to have an
adherence rate less than 80%.
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Figure 1
Changes in serum bromide concentrations in 30 patients treated with
trandolapril/verapamil. The broken lines indicate patients with good
adherence. The two patients with poor adherence are shown (solid lines,
with open triangles). On the right side of the figure the mean changes in
bromide concentration (� 2 SE) are shown for the volunteers (n = 8) and
hypertensive patients (n = 29), both taking 30 mg potassium bromide
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concentrations was quite large (Figure 1). Measuring
serum bromide concentrations seems, therefore, to be
most useful as a method to follow-up adherence in an
individual patient. Short-term variations in adherence (so
called drug ‘holidays’, which may be clinically relevant
because of rebound effects) can be assessed with elec-
tronic monitoring, but not with bromide because of its
long half-life. Its main application would probably be as a
research tool in situations in which actual drug ingestion
over longer time periods has to be confirmed.The discrep-
ancies in results in a few patients between electronic moni-
toring and bromide measurements warrant further
research in a larger cohort of patients.

Measuring adherence with several methods is difficult
to do in clinical practice. Compared with the ‘bromide-
method’, electronic monitoring is as reliable and a less
complex method of measuring adherence. However, in
clinical trials adequate assessment of adherence is critical
for proper evaluation of study outcomes. Therefore in
research studies, the combination of several methods
(e.g. electronic monitoring, addition of a marker together
with capsule counting) may be helpful in avoiding the
disadvantages inherent to each individual method.

We thank Wim Lemmens, statistical analyst.
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