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Abstract

Adequate controlled blood pressure decreases the risk of cardiovascular events. However, the elderly are more vulnerable
and thereby more prone to side effects of antihypertensive drugs. A lack of pharmacokinetic and pharmacodynamic (PK/
PD) studies in older patients makes specific and tailored advices towards antihypertensive drug therapy difficult. The aim
of our study, DiffErenCes In antihypertenSive drug levels In patients with hypertensiON (DECISION), is to fill in this PK/
PD knowledge gap and move towards precision dosing. DECISION is a prospective observational PK/PD study set up to
determine the difference in exposure to the antihypertensive drugs, losartan and perindopril, measured by drug levels in
blood. The area under the curve (AUC; PK) and furthermore the association between the AUC and the effect on blood pres-
sure (PD) will be compared between elderly and younger patients.

Keywords Hypertension - Antihypertensive agents - Humans - Aged - Pharmacokinetics

1 Introduction

The worldwide prevalence of hypertension is increasing,
not the least because of an ageing population [1-3]. Older
patients have a relative high prevalence of hypertension,
which is an important risk factor for cardiovascular diseases
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(CVD) [3, 4]. In addition, they often have other comorbidi-
ties, like diabetes, further contributing to the risk for CVD
[3].

Recently published prospective studies like the HY VET
and the SPRINT trials emphasized that blood pressure con-
trol in older patients is beneficial, as long as treatment is
well tolerated [5, 6].

Over the years, attention for negative side effects of (anti-
hypertensive) drugs, especially in the frail elderly patients,
increased. These side effects have led to an increased num-
ber of hospital admissions related to medication (HARM)
and a significant decrease in quality of life among older
patients [7-9].

It is assumed that, because of altered pharmacokinetic
parameters, older patients have higher plasma concentrations
of antihypertensive drugs compared to younger patients,
when taking the same dose [1, 10]. Furthermore, it has
been shown that because of a decreased renin-angiotensin-
aldosterone System (RAAS) activity, the effect of antihy-
pertensive drugs affecting RAAS is also decreased [1]. This
could lead to the impulse of physicians to increase the dose
of antihypertensive drugs because of a lack of effect, thereby
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increasing the risk of side effects which in turn could lead to
non-adherence and undertreatment [1, 11, 12].

The effects of ageing on the pharmacodynamics (PD) of
antihypertensive drugs in terms of decrease in blood pres-
sure are seldom studied and studies combining both PK/PD
are even more scarce. To address this knowledge gap we
set up the DECISION-study that compared the PK/PD of
older patients (>70 years) and younger patients (<50 years)
using the antihypertensive drugs losartan and perindopril.
The results of this study will confirm if there is indeed a dif-
ference in plasma drug concentrations between the elderly
and younger patients and if these differences are related to a
relevant difference in blood pressure response.

2 Aim

The aim of the DECISION study is to address the PK/PD
knowledge gap of antihypertensive drug in older patients.
Better knowledge about pharmacokinetics (PK) and the rela-
tion between PK and PD could help determine more specific
and tailored therapy, that will better fit older patients.

3 Methods

DECISION is a prospective observational study comparing
the PK and PD between elderly and younger patients, which
is approved by the Medical Ethical Committee of Erasmus
MC. Patients will be screened and included from Erasmus
Medical Centre (MC) Rotterdam and various general prac-
tices in the Netherlands.

Perindopril and losartan are the drugs of choice for this
study, because they are frequently used antihypertensive
drugs in the Netherlands. Furthermore, a patient friendly
sampling method in the form of dried blood spot (DBS),
which can be performed by means of a finger prick by the
patients at home. Drug concentrations from the DBS are
measured with a validated ultra-performance liquid chro-
matography-tandem mass spectrometry (UPLC-MS/MS
method) and includes both drugs of interest and their active
metabolites [13].

Patients aged 18 to 50 years and patients aged 70 years or
older, using losartan or perindopril will be screened in the
information systems of general practices and hospitals, using
a search query. Also, physicians will be asked to include
patients for whom they will prescribe either losartan or per-
indopril. There are no dose restrictions for perindopril or
losartan.

Patients using any other antihypertensive drug that
influences RAAS, beside losartan or perindopril, will be
excluded. Other exclusion criteria are; patients with end-
stage renal disease (eGFR <15 ml/min) and those patients
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who cannot safely withdraw from their antihypertensive
drugs for two weeks.

After giving informed consent, measurements will be car-
ried out over two testing days, with an interval of at least
2 weeks between the 2 days to assure a steady state or total
absence of perindopril and losartan in blood.

On one of the testing days a baseline blood pressure
measurement will be performed, without the use of perindo-
pril or losartan. For this baseline measurement patients are
asked to not use the antihypertensive drug for a consecutive
period of at least 2 weeks up to and including the testing day.

On the other testing day, measurements will be performed
when the patient is using the antihypertensive drug for at
least 2 weeks. Blood pressure will be measured and simulta-
neously blood will be sampled by means of the DBS method
at the following intervals after drug intake; before intake
of the drug (t=0), 1 h after intake of the drug (t=1h) and
4, 6 and 24 h after intake of the drug(t=4h, t=6h, t=24h).
A schematic overview of this study design can be found in
Fig. 1.

4 Expected Results

The blood pressure will be measured using 24-h ambula-
tory blood pressure measurements (24-h ABPM) and blood
samples will be collected at home using DBS [13]. The DBS
will be used to measure drug concentrations of losartan and
perindopril and their active metabolites at five different time
points. Thereafter, the Area Under the Curve (AUC) for the
parent drug and metabolites will be calculated.

The follow-up period is set to 4 weeks, wherein patients
can write down adverse events in a diary. Only adverse
events related to antihypertensive drug therapy or the tem-
porary ceasing of antihypertensive drug therapy will be
included in the DECISION-study.

Furthermore, the following parameters will be collected
for each patient at baseline: age, sex, BMI (kg/m?), kid-
ney function, comorbidities including CVD, heart failure,
Chronic Obstructive Pulmonary Disease (COPD), diabetes
and other medication by Anatomical Therapeutic Chemical
classification (ATC-code) and dose.

During the research and in the follow-up period, patients
will be asked to report all adverse events (AE) and serious
adverse events (SAE).

4.1 Statistical Analysis

For the primary objective, the AUCs of the antihypertensive
drugs per patient are calculated using non compartmental
analysis and thereafter corrected for the dose. The AUC
averages of older and younger patients are log transformed
aiming for a normal distribution. These averages per group
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Fig. 1 schematic overview of the DECISION study design

are then compared and tested by means of an unpaired sam-
ple t-test. If the data is not normally distributed after log
transformation, a non-parametric test will be used to calcu-
late the difference in AUC.

The difference in the average 24-h and daytime blood
pressure before and after the use of perindopril or losartan
between the elderly and younger patients is compared and
tested by means of an unpaired sample t-test, when the data
is normally distributed. If the data is not normally distrib-
uted, a non-parametric test will be used.

Linear regression will be applied to test the relation of the
antihypertensive drug AUC and the average blood pressure.

Multiple linear regression analysis on the AUC will be
performed to determine the role of the following covari-
ates; age, sex, BMI and the use of multiple antihypertensive
drugs.

4.2 Sample Size Calculation

The analyses for the AUC differences are based on log-
transformed AUCs, reasonably assuming that these are
normally distributed [14]. The mean and standard deviation
(SD) of log(AUC) in the target populations are unknown.
Therefore, the sample size calculation is based on Cohen’s

- Stop 24-hour blood pressure meter
- Finger prick 5 (T=24u)

&

d effect size, i.e. the mean difference in log(AUC) between
the patients <50 and those >70 years, divided by the SD
of log(AUC), while assuming similar SDs in both popula-
tions that are equal to the expected difference. Hence, the
expected effect size is equal to 1 regardless of the precise
mean difference and SD. This effect size was considered as
the minimal clinically relevant difference (MCRD). A total
of 16 patients <50 and 16 patients >70 years for either per-
indopril or losartan are then required to reveal this MCRD
with a power (1-p) of 80%, while performing a two-sided
test with «=0.05. In order to compensate for dropouts, we
aim to enrol 20 patients in the two age categories (<50 and
>70 years) per drug (losartan and perindopril), resulting in
a combined sample size of 80 patients.

5 Conclusion

There is still a lot unknown about the PK/PD of antihyper-
tensive drugs in older patients. A better knowledge of the
relation between PK and PD of antihypertensive drugs can
help move towards precision dosing, resulting in increased
therapy effectiveness and decreased adverse drug events.
Side effects due to an incorrect antihypertensive drug
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treatment form a barrier in an otherwise beneficial therapy
for CVD. In daily practice, the therapy is adjusted to clinical
outcomes. However, this is a reactive approach and it means
the negative side effects have already occurred.

With the DECISION-study, we start with two commonly
prescribed antihypertensive drugs, perindopril and losartan,
as proof of principle. We are well aware that there is need for
more PK/PD related knowledge of (all) other antihyperten-
sive drugs. Perindopril and losartan are, because of the prev-
alent use and the availability of a well-validated and patient
friendly DBS sampling method, excellent first candidates to
study differences between older and younger patients.

While we anticipate valuable results and information
from the DECISION-study, we also acknowledge some
minor limitations of our set-up.

The variability in the DBS-method is a little bit higher
than the commonly used blood sample measurement [13,
15]. Also, patients need a thorough instruction to correctly
sample their blood on paper for the DBS sampling at home.
Various previous studies investigated the feasibility of DBS
and concluded that the benefits of DBS home measurements,
like less visits to the hospital and lower costs, outweigh the
minor limitations [16]. We therefore expect that because of
reduced visits and lower patient burden, more patient are
willing to participate.

Second, measuring blood pressure can also introduce
variability on the PD-level, depending on the method of
choice. To diminish this variability and increase uniform
measurements, 24-h ABPM will be used, which is consid-
ered the golden standard to measure blood pressure. To gain
more insight in potential external factors patients are asked
to write down all factors that are of possible influence on
their blood pressure.

Another point of discussion lies in our study population.
We expect to include most of our young patients at Erasmus
MC, which is a tertiary hospital. These patients are more
likely to have received a kidney-transplantation or have sec-
ondary forms of hypertension. It is not clear if they will
react the same way to antihypertensive drugs (PD) as elderly
patients.

In conclusion, the DECISION study may have some
minor limitations, but overall, the study set up is solid, fea-
sible and has a low burden on patients.

5.1 Clinical Expectations

We expect to gain valuable information with the DECI-
SION-study to fill in a PK/PD knowledge gap in older
patients using perindopril or losartan. This information
could help in clinical practice towards precision dosing and
a more effective therapy in older patients. Although, existing
guideline, like that of the European Society of Cardiologists
[2], advice carefulness in dosing antihypertensive drugs in
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older patients, these advices are not backed by PK/PD data
or are not specific enough for clinical care.

To our best knowledge, this is the first study to combine
PK/PD in a real-life population with the use of DBS to opti-
mize antihypertensive drug therapy in the elderly patient.
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