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ANTIHYPERTENSIVE TREATMENT

Plasma Trough Concentrations of 
Antihypertensive Drugs for the Assessment of 
Treatment Adherence
A Meta-Analysis

Eline H. Groenland , Monique E.A.M. van Kleef, Michiel L. Bots, Frank L.J. Visseren , Kim C.M. van der Elst, Wilko Spiering

ABSTRACT: Biochemical drug screening by liquid chromatography-tandem mass spectrometry in plasma is an accurate 
method for the quantification of plasma concentrations of antihypertensive medications in patients with hypertension. Trough 
concentrations could possibly be used as drug-specific cutoff values in the biochemical assessment of (non-)adherence. We 
performed a literature review and meta-analysis of pharmacokinetic studies to determine plasma trough concentrations of 
amlodipine, hydrochlorothiazide, and valsartan. PubMed was searched for pharmacokinetic studies up to September 2020. 
Eligible studies reported steady-state mean trough concentration and their variance. Pooled trough concentrations were 
estimated using a three-level random effects meta-analytic model. Moderator analyses were performed to explore sources 
of heterogeneity. One thousand three hundred eighteen potentially relevant articles were identified of which 45 were eligible 
for inclusion. The pooled mean trough concentration was 9.2 ng/mL (95% CI, 7.5–10.8) for amlodipine, 41.0 ng/mL (95% 
CI, 17.4–64.7) for hydrochlorothiazide, and 352.9 ng/mL (95% CI, 243.5–462.3) for valsartan. Substantial heterogeneity 
was present for all 3 pooled estimates. Moderator analyses identified dosage as a significant moderator for the pooled 
trough concentration of amlodipine (β1=0.9; P<0.05), mean age, and mean body weight for the mean trough concentration 
of hydrochlorothiazide (β1=2.2, P<0.05, respectively, β1=−4.0, P<0.05) and no significant moderators for valsartan. Plasma 
trough concentrations of amlodipine, hydrochlorothiazide, and valsartan, measured with liquid chromatography-tandem mass 
spectrometry, are highly heterogeneous over the different studies. Use of the pooled trough concentration as a cutoff in 
the biochemical assessment of adherence can result in inaccurate diagnosis of (non-)adherence, which may seriously harm 
the patient-physician relationship, and is therefore not recommended. (Hypertension. 2021;77:85–93. DOI: 10.1161/
HYPERTENSIONAHA.120.16061.) • Data Supplement
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Blood pressure (BP) control is generally low in hyper-
tensive populations with prevalence rates ranging from 
10% to 44%.1,2 Medication nonadherence is a known 

behavioral contributor to poor BP control and is associ-
ated with an increased risk of cardiovascular disease, hos-
pitalization, and increased health care costs.3,4 Moreover, 
nonadherent uncontrolled patients are at greater risk of 
being exposed to unnecessary and costly diagnostic tests 

for assessment of secondary causes of hypertension and 
invasive device-based therapies.5 Identification of nonad-
herence to antihypertensive drug treatment is therefore 
of major importance. The European Society for Patient 
Adherence, Compliance, and Persistence defines medica-
tion adherence as the process by which the patients take 
their medications as prescribed. Nonadherence can occur 
in 3 different phases of adherence: initiation (patient do 
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not initiate treatment), implementation (actual dosing does 
not correspond to the prescribed dosing regimen because 
of delays, omits or extra doses), or persistence (discon-
tinuation of treatment).6

Biochemical drug screening in plasma or urine by 
liquid chromatography tandem mass spectrometry is 
an objective method for medication adherence assess-
ment.7 This method can be used to assess adherence 
in all 3 phases of adherence, allowing simultaneous and 
sensitive detection of different antihypertensive drugs 
and their metabolites and also creating the opportunity 
to link medication exposure to BP when blood sampling 
is accompanied by BP measurement.8

Biochemical drug screening is most often performed 
qualitatively with the purpose to detect the presence or 
absence of antihypertensive drugs or metabolites using 
the limit of detection (LOD), the lowest amount of a drug 
in a sample which can be detected. Also used is lower 
limit of quantitation (LLOQ), the lowest amount of a drug 
in a sample, which can be quantitatively determined 
with a certain accuracy, precision, and reproducibility.9 
Patients will be classified as adherent to treatment when 
the drug or a metabolite is present at a concentration of 
at least its LLOQ or LOD and conversely is classified as 
nonadherent to treatment when the concentration of the 

drug or metabolite is less than its LLOQ or LOD. Overall, 
approaches based on the LLOQ or the LOD are quali-
tative screening methods, which can detect only com-
plete nonadherence at one point in time. More erratic or 
irregular adherence behavior may not be detected. More-
over, qualitative liquid chromatography-tandem mass 
spectrometry is not able to identify white coat adher-
ence, defined as an increase in adherence to treatment 
regimens before a clinical appointment. Finally, the LLOQ 
and LOD highly depend on the sensitivity of the analyti-
cal assay and not on the therapeutic range of the drug.10 
Ongoing improvements of the analytical assay, resulting 
in lower detection limits, will therefore increase the risk 
of misclassification of partially nonadherent patients.

The biochemical assessment of adherence may be 
improved by quantitative analysis, evaluating measured 
drug concentrations, especially in the implementation 
and persistence phase of adherence. A possible way to 
perform quantitative biochemical drug screening is to 
compare the measured plasma drug concentration (Cx) 
with the trough concentration (Cmin), the minimum plasma 
concentration at steady state, assuming that adherent 
patients will at least have a plasma drug concentration 
above this limit. To implement this method in clinical prac-
tice, a reliable trough concentration per antihypertensive 
drug should be identified.

Therefore, the aim of this study was to perform a lit-
erature review and meta-analysis of pharmacokinetic 
studies to determine plasma population trough con-
centrations of 3 frequently prescribed antihypertensive 
drugs with different pharmacokinetic properties and 
from different antihypertensive drug classes; amlodipine, 
hydrochlorothiazide, and valsartan.

Nonstandard Abbreviations and Acronyms

BP	 blood pressure
LLOQ	 lower limit of quantification
LOD	 level of detection
LRT	 likelihood ratio test

Novelty and Significance

What Is New?
•	 The biochemical assessment of drug adherence may 

be improved by performing a quantitative analysis, 
evaluating measured drug concentrations. For use in 
clinical practice, reliable cutoff values are needed to 
decide whether a patient is (non-)adherent. A potential 
cutoff value could be the trough concentration.

•	 This is the first study that performed a meta-analysis 
on the trough concentrations of 3 frequently pre-
scribed antihypertensive drugs; amlodipine, hydrochlo-
rothiazide, and valsartan.

What Is Relevant?
•	 The pooled mean trough concentrations of the 3 inves-

tigated antihypertensive drugs suffer from substantial 
heterogeneity indicating large between-individual vari-
ability in trough concentrations.

•	 Use of the pooled mean plasma trough concentra-
tions, retrieved by our meta-analysis, as a cutoff for the 
biochemical assessment of drug adherence in clinical 
practice is therefore not recommended.

Summary
Biochemical drug screening in plasma or urine by liq-
uid chromatography tandem mass spectrometry is an 
objective method for medication adherence assess-
ment. Quantitative plasma concentrations could pos-
sibly improve biochemical assessment of adherence 
to antihypertensive drugs. However, use of our pooled 
trough concentrations is not recommended because 
of the large between-individual differences. Therefore, 
a concentration below this concentration is not suf-
ficient to establish nonadherence.
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METHODS
The data that support the findings of this study are available 
from the senior author upon reasonable request. Requests to 
access the dataset may be sent to W. Spiering at w.spiering@
umcutrecht.nl.

Literature Search
We conducted a literature search via PubMed (including articles 
up to Sept 1, 2020) for studies describing the pharmacokinetics 
of amlodipine, hydrochlorothiazide, and valsartan. These antihy-
pertensive drugs were selected because they belong to the most 
widely used classes of antihypertensive drugs, are the preferred 
3-drug class combination if BP is not controlled by a 2-drug 
single-pill combination according to the 2018 European Society 
of Cardiology (ESC)/European Society of Hypertension (ESH) 
Guidelines,11 and possess different pharmacokinetic properties 
(eg, bioavailability, Tmax, volume of distribution and elimination). 
PubMed was searched for each drug separately with terms 
for the generic drug name and pharmacokinetics (Table S1 in 
the Data Supplement). All articles were screened for relevant 
title/abstracts using predefined in- and exclusion criteria. After 
title and abstract screening, full texts of the remaining articles 
were independently screened by 2 authors (E.H. Groenland and 
M.E.A.M. van Kleef). In addition, reference lists of all eligible arti-
cles were hand-searched for additional eligible studies.

Inclusion and Exclusion Criteria
We included prospective cohort and pharmacokinetic interven-
tion studies that reported the steady state plasma trough con-
centration and their variance (SD or SE) in healthy subjects or 
patients with hypertension. We excluded single-dose studies 
because the trough concentrations in these studies are unlikely 
to match with the trough concentrations in patients chronically 
treated with antihypertensives, since steady-state concentration 
is not reached after a single dose. Moreover, we excluded studies 
that did not provide a measure of variability (or data to calculate 
the variability) for the mean trough concentration. Because of 
limited sensitivity of analytical methods other than liquid or gas 
chromatography, we excluded studies that applied such methods. 
Last, case reports, case series, narrative reviews, and articles in 
languages other than English, German, or Dutch were excluded.

Data Extraction
Data extraction was carried out by one researcher (E.H. 
Groenland) and verified by another (M.E.A.M. van Kleef). 
Extracted information included general study information 
such as journal, author, year of publication, study region, study 
design, and number of patients enrolled. Furthermore, we 
extracted information about drug dose, dosing frequency, treat-
ment period, and analytical method. When available, age, sex, 
and body weight were extracted. Specifically, we extracted data 
on the plasma trough concentration of each drug (mean, SD or 
SE). Where measures were available only in graphical format, 
the software Digitizelt version 2.3.2 (Digitizelt, Braunschweig, 
Germany)12 was used, when possible, to extract the data. 
Discrepancies observed between the data extracted were 
resolved through discussion, and when discrepancies could not 
be resolved, a third reviewer K.C.M. van der Elst was consulted.

Data Analyses
To provide an overall estimate of the mean trough concentra-
tion per antihypertensive drug, mean trough concentrations 
from individual studies were pooled. Since most of the stud-
ies provided multiple mean trough concentrations (ie, with 
and without co-medication, multiple dosages), we applied a 
three-level random effects meta-analytic model, taking depen-
dency between the mean trough concentrations into account.13 
Moreover, moderator analyses were performed to explore 
sources of heterogeneity.14 A detailed description of the used 
methodology is provided in Methods in the Data Supplement. 
Results were graphically presented in forest plots. All analy-
ses were performed using the statistical software package R 
version 3.5.1. and the metafor package.15 For all analyses, a P 
value of <0.05 was considered statistically significant.

RESULTS
Literature Search and Review Process
Figure  1 shows the flow diagram for the study inclu-
sion. The search generated a total of 1318 potentially 
relevant studies; 492 for amlodipine, 535 for hydrochlo-
rothiazide, and 291 for valsartan. On the basis of the 
title and abstracts, we identified 335 possibly relevant 
articles. After full text screening, 44 studies met the eligi-
bility criteria. Additionally, 1 study was identified from the 
reference lists.16 This additional study was not indexed 
with a term related to pharmacokinetics and therefore 
not included in our search results.

Description of the Included Studies
Table S2 reports the characteristics and key findings 
from the included studies. Most studies were open-label 
trials set up to evaluate the pharmacokinetics of the 
antihypertensive drug alone or in relation to other drugs. 
Males were overrepresented in most study populations; 
22 studies consisted of at least 80% males of which 13 
studies contained only men. Of the 45 included studies, 
37 studies evaluated the interaction of the antihyper-
tensive drug with other, mostly cardiovascular, medica-
tion. Thirty-eight studies reported multiple mean trough 
concentration obtained from measurements in different 
populations, measurements after different drug dosages, 
or measurements after combination with other drugs. 
Therefore, 93 mean trough concentrations were included 
in the meta-analysis.

Amlodipine
Data on the trough concentration and variance of amlo-
dipine was available in 24 studies.16–39 These 24 studies 
reported a total of 49 trough concentrations. The pooled 
mean trough concentration for amlodipine was 9.2 ng/
mL (95% CI, 7.5–10.80; Figure 2A). We found significant 
variability of trough concentrations within studies (at level 
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2; likelihood ratio test [LRT], 476.4; P<0.05) as well as 
between studies (at level 3; LRT, 29.3; P<0.05). Of the 
total variance, 14% and 85% were distributed at levels 
2 and 3, respectively, and 0.8% was the percentage of 
sampling variance that was calculated using the formula 
of Cheung.13 Moderator analyses showed a significant 
moderating effect for dose. The mean trough concentra-
tion increased as studies applied a higher dose (β1=0.9; 
per mg increase in dose the mean trough concentration 
increases by 0.9 ng/mL, P<0.05; Table).

Hydrochlorothiazide
Data on the trough concentration and variance of hydro-
chlorothiazide were available in 10 studies.18,39–47 These 

10 studies reported a total of 22 trough concentrations. 
The pooled mean trough concentration for hydrochloro-
thiazide was 41.0 ng/mL (95% CI, 17.4–64.7; Figure 2B). 
We found significant variability of trough concentrations 
within studies (at level 2; LRT, 98.7; P<0.05) as well as 
between studies (at level 3; LRT, 4.43, P=0.05). Of the 
total variance, 45% and 55% were distributed at levels 
2 and 3, respectively, and 0.2% was the percentage of 
sampling variance that was calculated using the formula 
of Cheung.13 Moderator analyses showed a significant 
moderating effect for mean age and mean body weight. 
The pooled mean trough concentration increased as the 
mean age increased (β1=2.2, P<0.05) and decreased as 
the mean body weight increased (β1=−4.0, P<0.05). A 
multiple-moderators model, including these 2 covariates, 

Figure 1. Flowchart showing the process of study selection.
HPLC indicates high-performance liquid chromatography; and LC-MS, liquid chromatography mass spectrometry.
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indicated that only mean age had a unique moderat-
ing effect on the mean trough concentration (β1=2.1, 
P<0.05; Table).

Valsartan
Data on the trough concentration of valsartan was 
available in 11 studies.18,24–26,36,39,48–52 These 11 

studies reported a total of 23 trough concentrations. 
The pooled mean trough concentration for valsar-
tan was 352.9 ng/mL (95% CI, 243.5–462.3; Fig-
ure 2C). The variability within studies (at level 2) was 
not significant (LRT, 2.7; P=0.1). However, we did 
find significant variability of trough concentrations 
between studies (at level 3; LRT, 12.8; P=0.05). Of 
the total variance, 7% and 88% were distributed at 

Figure 2. Forest plots trough concentrations.
Forest plots trough concentration amlodipine (A), hydrochlorothiazide (B), and valsartan (C). Forest plots ordered by the height of the mean trough 
concentration. The diamonds indicate the pooled estimate for the mean trough concentration from the meta-analysis, based on the multilevel random-
effect model. A–D, The different trough concentrations derived from the same study, see Table S1 in the Data Supplement for further specification.
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levels 2 and 3, respectively, and 5% was the percent-
age of sampling variance that was calculated using 
the formula of Cheung.13 Moderator analyses showed 
no significant moderating effect for the preselected 
study characteristics (Table).

DISCUSSION
The present study was designed to formulate a pooled 
trough concentration for amlodipine, hydrochlorothiazide, 
and valsartan; 3 frequently prescribed antihypertensive 
drugs from different classes with different pharmaco-
kinetic properties, with the aim to use these values in 
the quantitative biochemical assessment of medication 
adherence (implementation and persistence phase) 
in patients with uncontrolled hypertension. Our meta-
analysis resulted in a pooled trough concentration of 9.3 
ng/mL (95% CI, 7.6–11.0) for amlodipine, 41.0 ng/mL 
(95% CI, 17.4–64.7) for hydrochlorothiazide, and 352.9 
ng/mL (95% CI, 243.5–462.3) for valsartan. However, 
substantial heterogeneity within- and between studies 
was present, which could only partly be explained by dif-
ferences in dose in case of amlodipine and differences in 
mean age for hydrochlorothiazide.

The substantial heterogeneity within- and between 
studies in the present meta-analysis indicates large 
between-individual variability in trough concentrations. 
This substantial variability in pharmacokinetic parameters 
of antihypertensive drugs corresponds to results from 
previous studies investigating the variability in plasma 
concentrations of BP-lowering drugs.53,54 The large vari-
ability in trough concentrations is most likely explained 

by differences in drug-, dose-, and patient characteris-
tics, including adherence behavior. In this meta-analysis, 
univariate moderator analysis revealed drug dosage as a 
significant moderator for the pooled mean plasma trough 
concentration of amlodipine with a value of 0.92 ng/mL 
per mg increase in dosage. This observation is in line with 
a previous study investigating the influence of dosage 
on the plasma concentration of amlodipine.54 Although 
not expected, dosage was not a significant moderator on 
the pooled mean trough concentrations of hydrochloro-
thiazide and valsartan. One of the reasons could be the 
limited amount of studies investigating different dos-
ages for these antihypertensive drugs. The pooled mean 
trough concentration of hydrochlorothiazide significantly 
decreased with increasing mean body weight (β1=−4.0, 
P=0.04), which is probably because of a higher volume 
of distribution in patients with increased body weight. 
Furthermore, the pooled mean trough concentration of 
hydrochlorothiazide increased with increase in mean 
age (β1=2.2, P<0.05). This was in accordance with 
earlier findings that showed a reduced renal clearance 
of hydrochlorothiazide with increasing age, resulting in 
higher plasma concentrations.55 The lack of an effect of 
age on the trough concentration of amlodipine and val-
sartan in the current study is probably because of a lim-
ited number of studies including older people. Certainly, 
there are many other factors that can influence the mean 
plasma concentrations of these 3 antihypertensive drugs 
(eg, renal- and hepatic function, interacting comedica-
tions, and the degree of adherence). However, because 
of the limited availability of these data in the included 
studies, we were not able to evaluate the influence of 
these factors.

Table.  Results of Moderator Analyses

 Moderator variables N studies NES β0, mean (95% CI) β1 (95% CI) F (df1–df2)* P value†

Amlodipine Overall 24 49 9.15 (7.47 to 10.83)    

 Mean age, y 20 40 8.06 (4.48 to 11.64) 0.05 (−0.04 to 0.14) 1.49 (1–38) 0.14

 Mean body weight, kg 19 35 9.17 (−7.25 to 25.60) 0.003 (−0.23 to 0.23) 0.001 (1–33) 0.89

 Sex, % males 21 42 10.62 (7.58 to 13.65) −0.019 (−0.051 to 0.013) 1.48 (1–40) 0.23

 Dose, mg 24 49 2.40 (−0.08 to 4.88) 0.92 (0.63 to 1.22) 39.07 (1–45) <0.05

Hydrochlorothiazide Overall 10 22 41.04 (17.37 to 64.71)    

 Mean age, y 7 18 −64.29 (−101.18 to 27.39) 2.23 (1.73 to 2.74) 87.51 (1–16) <0.05

 Mean body weight, kg 6 14 334.39 (72.97 to 595.82) −4.04 (−7.76 to −0.32) 5.61 (1–12) 0.04

 Sex, % males 7 17 23.98 (−3.98 to 51.94) −0.03 (−0.39 to 0.33) 0.03 (1–15) 0.86

 Dose, mg 10 22 25.86 (−11.65 to 63.37) 0.56 (−0.53 to 1.64) 1.13 (1–20) 0.3

Valsartan Overall 11 23 352.87 (243.46 to 462.29)    

 Mean age, y 9 20 141.05 (−314.74 to 596.83) 6.68 (−5.36 to 18.72) 1.36 (1–18) 0.26

 Mean body weight, kg 7 15 −914.35 (−2279.67 to 450.97) 16.16 (−1.63 to 33.95) 3.85 (1–13) 0.07

 Sex, % males 10 22 519.36 (81.93 to 956.80) −2.01 (−7.21 to 3.19) 0.65 (1–20) 0.43

 Dose, mg 11 23 317.20 (15.03 to 619.37) 0.15 (−1.02 to 1.33) 0.07 (1–21) 0.79

β0 (intercept) mean indicates mean trough concentration (ng/mL); β1, regression coefficient; per unit increase in the variable, the mean trough concentration increases 
by β1; F (df1–df2), omnibus test; NES, number of effect sizes (trough concentrations); and NStudies, number of studies.

*Omnibus test of all regression coefficients in the model.
†P value of omnibus test.
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The large variation in plasma trough concentrations, 
as demonstrated in the present study, discourages the 
use of the pooled trough concentration as a reliable 
cutoff in the biochemical assessment of adherence. 
Few alternatives for quantitative drug screening have 
previously been proposed.56,57 In 2018, the concept of 
indexed plasma drug concentrations for drug adherence 
screening in hypertensive patients was proposed.56 This 
concept involves comparison of the measured plasma 
drug concentrations (Cx) of antihypertensive drugs with 
the expected Cmax (Cx/Cmax) for each drug and dose using 
published reference values. When these indexed plasma 
concentrations are used, different drugs and doses 
can be compared on the same relative scale. Moreover, 
plasma half-lives of the tested drugs, timing of the drug 
intake, and timing of blood sampling may be used to 
define a particular Cx/Cmax value as a common threshold 
for same-day drug use. However, the choice of an appro-
priate Cmax from published data is nevertheless a crucial 
prerequisite for the application of this method. Just like 
the retrieved trough concentrations in our meta-analysis, 
the Cmax is also highly variable and should therefore not 
be used as a reliable threshold.

Use of published therapeutic reference ranges as 
a cutoff for adherence is further discouraged by find-
ings from a recent German study that reported serum 
concentrations of antihypertensive drugs below the 
literature-based reference ranges despite supervised 
intake of these drugs.57 To overcome this limitation, a 
novel method which is based on the dose-related con-
centration was introduced. This method compares the 
measured concentration of an antihypertensive drug 
with trough drug concentrations calculated individually 
for each patient. Although the cutoff values in that study 
were also based on parameters from pharmacokinetic 
studies conducted in selected study populations, which 
do not entirely reflect the variability in the population, 
it was shown that all patients attending the nephrol-
ogy ward had measured drug concentrations above 
the lower limit of the dose-related concentration, after 
supervised antihypertensive drug intake. Therefore, their 
approach might be a promising method for future quan-
titative drug screening.

Strengths of our meta-analysis include the application 
of a 3-level random effects model for the meta-analysis 
of the trough concentration from the individual studies. 
By using this model, we were able to pool multiple trough 
concentrations derived from the same study since this 
model takes dependency between mean trough con-
centrations into account. An important advantage of the 
3-level approach is that all the relevant information pro-
duced in primary studies can be preserved and maximum 
statistical power can be achieved. In addition, we per-
formed moderator analysis, which gave us the opportu-
nity to explore within-study and between-study variance.

Several limitations of the present meta-analysis need 
to be taken into account. First, by limiting our search to the 
PubMed database, we could have missed some relevant 
studies. However, this limited search already resulted in 
highly variable trough concentrations. Therefore, exten-
sion of the search to other databases will probably 
not change our main finding of substantial within- and 
between- study heterogeneity. Moreover, reference 
check of the included studies yielded only one additional 
reference, indicating that the amount of missed studies 
is limited. Second, since data about clinical character-
istics from the individual studies was sparse, we were 
restricted in the possibilities to perform moderator analy-
ses. Consequently, there may be a true moderating effect 
of several study and/or patient characteristics, which we 
were unable to detect in the present study. Also, the 
limited amount of studies did not allow us to construct 
a multiple-moderator model to explore the presence of 
multicollinearity.20 Third, as most of the included studies 
were performed in young to middle aged, healthy, and 
mainly male individuals it is questionable whether these 
results could be translated to patients with uncontrolled 
hypertension. These patients are characterized by a 
higher age and generally suffer from multiple comorbidi-
ties (eg, renal insufficiency), which is often an indication 
for additional, possibly interacting, drug treatment, which 
may in theory further increase the between-individual 
pharmacokinetic variability.58 The pooled trough concen-
trations and the amount of heterogeneity reported in this 
study are therefore likely to be underestimated.

Perspectives
Then, how are we supposed to apply our findings into 
clinical practice? The goal of biochemical adherence 
assessment is to accurately distinguish between adher-
ent and nonadherent patients and to use this informa-
tion in a shared decision-making approach to ultimately 
improve drug adherence and BP control. To implement 
quantitative screening in daily clinical practice, reliable 
cutoff values are required. As illustrated in our meta-
analysis, trough concentrations of the 3 different antihy-
pertensive drugs are highly variable, which means that 
a drug concentration below the trough concentration 
could also be the result of a deviation from typical phar-
macokinetics. Therefore, trough concentrations are not 
suitable as cutoff values for the quantitative biochemical 
assessment of drug adherence as this increases the risk 
of misclassification of adherent patients as nonadher-
ent. Performing biochemical assessment in urine instead 
of plasma will even further increase the risk of misclassi-
fication as some antihypertensive drugs are extensively 
metabolized or have a low urinary excretion. Address-
ing of nonadherence in patients that are adherent could 
seriously harm the patient-physician relationship, might 
work counterproductive in adherence management, 
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and should therefore be prevented. Hence, as long 
as a reliable cutoff value for quantitative drug screen-
ing is lacking a conservative approach is preferred and 
biochemical assessment of adherence should be per-
formed qualitatively.

In conclusion, the plasma trough concentrations of 
amlodipine, hydrochlorothiazide, and valsartan are highly 
heterogeneous. Use of the pooled trough concentra-
tions, retrieved by our meta-analysis, as a cutoff for the 
biochemical assessment of adherence in clinical practice 
is therefore not recommended. Before implementation 
of a quantitative drug screening into clinical practice, 
drug-, dose-, and patient-specific lower limits based on 
individual patient data from pharmacokinetic studies are 
needed, to take into account factors that influence drug 
exposure.
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