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Developing practical
recommendations for
drug-disease interactions in
patients with hypertension
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Laura E. J. Peeters®, Bert-Jan van den Born® and
Sander D. Borgsteede**

'Department of Hospital Pharmacy, Meander Medisch Centrum, Amersfoort, Netherlands, ?Department
of Hospital Pharmacy, Ziekenhuis Rivierenland, Tiel, Netherlands, *Department of Clinical Decision
Support, Health Base Foundation, Houten, Netherlands, “Medicines Information Centre, Royal Dutch
Pharmacists Association (KNMP), The Hague, Netherlands, *Department of Hospital Pharmacy, Maasstad
Hospital, Rotterdam, Netherlands, °Departments of Internal Medicine and Public Health Amsterdam
Cardiovascular Sciences Amsterdam UMC, Amsterdam, Netherlands

Background: Hypertension, a significant risk factor for cardiovascular diseases,
demands proactive management as cardiovascular diseases remain the leading
cause of death worldwide. Reducing systolic and diastolic blood pressure levels
below recommended reference values of <140/90 mmHg can lead to a
significant reduction of the risk of CVD and all-cause mortality. However,
treatment of hypertension can be difficult and the presence of comorbidities
could further complicate this treatment. Drugs used to manage these
comorbidities may inadvertently have an impact on blood pressure, resulting
in a phenomenon known as drug-disease interaction. This study aims to assess
the safety of medication that can affect blood pressure in patients with
hypertension and provide practical recommendations for healthcare
professionals.

Methods: For the development of recommendations for the drug-disease
interaction (DDSI) hypertension, a six-step plan that combined literature
selection and multidisciplinary expert opinion was used. The process involved
(1) defining the scope of the DDSI and selecting relevant drugs, (2) collecting
evidence, (3) data-extraction, (4) reaching of expert consensus, (5) publication
and implementation of the recommendations in healthcare systems and (6)
updating the information.

Results: An increase of 10 mmHg in systolic blood pressure and 5mmHg in
diastolic blood pressure was defined as clinically relevant. Corticosteroids,
danazol, and yohimbine caused a clinically relevant DDSI with hypertension.
Several other drugs with warnings for hypertension in the official product
information were assessed to have no clinically relevant DDSI due to minor
influence or lack of data on blood pressure. Drugs with evidence for a relevant
change in blood pressure which are prescribed under close monitoring of blood
pressure according to clinical guidelines, were deemed to be not clinically
relevant for signalling.

Conclusion: This study provides specific recommendations that can be
implemented directly in clinical practice, for example, in clinical decision
support systems, potentially resulting in safer drug use in patients with
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hypertension and better healthcare by reducing alert fatigue. Future research
should focus on evaluating the effectiveness of implementation strategies and

their impact on
hypertension.

KEYWORDS

reducing unsafe use of medication

in patients with

hypertension, drug-disease interaction, clinical decision support, adverse drug reaction,
blood pressure, product information, drug information

1 Background

Cardiovascular diseases are the leading cause of deaths
worldwide. In 2022, 22.9% of total deaths in the Netherlands
could be attributed to cardiovascular diseases (Volksgezondheid
en Zorg info, 2022). Hypertension is a key risk factor for
cardiovascular diseases (Rapsomaniki et al., 2014; Flint et al,,
2019; Centers for Disease Control and Prevention, National
Center for Health Statistics, 2022; Volksgezondheid en Zorg
info, 2022). According to the World Health Organization,
hypertension affects 1.28 billion adults between 30 and
79 years worldwide (Mancia et al., 2023). From 1990 to 2019,
the global prevalence of hypertension doubled among
individuals aged 30-79 years leading to a prevalence of 34% in
men and 32% in women in 2019. For children, the prevalence was
estimated at 4.0% with an increasing prevalence in the last
decades (Song et al., 2019). In the Netherlands, approximately
15% of the population reports high blood pressure in 2022
(Volksgezondheid en Zorg info, 2022).

Normally, systolic blood pressure (SBP) and diastolic blood
pressure (DBP) are respectively below 120 and 80 mmHg in
adults (Whelton et al, 2022 2023).
Hypertension is defined as SBP values > 140 mmHg and/or
DBP >90 mmHg (Mancia et al., 2023). Uncontrolled blood
defined by SBP of >130mmHg or a DBP
of >80 mmHg, requires proactive interventions (Whelton
2022; 2023).
complemented by drug therapy, are needed in managing this

Mancia et al.,

pressure,

et al., Mancia et al, Lifestyle changes,

critical health concern in hypertensive patients. Studies have
that and DBP to
recommended reference values of <140/90 mmHg can lead to

shown reducing SBP levels below
a significant reduction of the risk of CVD and all-cause mortality
(Ettehad et al., 2016; Bundy et al., 2017). For this reason, it is
important to control hypertension to reduce the risk of
cardiovascular death.

However, treatment of hypertension can be difficult as many
factors such as stress, diet and non-adherence to antihypertensive
drug treatment can influence blood pressure (Samadian et al.,
2016).
comorbidities, such as other cardiovascular diseases, diabetes or
COPD. The drugs used to treat these other comorbidities - not

related to blood pressure control - may have an effect on blood

Moreover, most patients with hypertension have

pressure. When pharmacotherapy used to treat a disease causes
worsening of another disease, in this context hypertension, it is
called a drug-disease interaction (DDSI)
et al., 2020).

DDSIs are often stated as a warning in the Summary of

(van Tongeren

Product Characteristics (SmPC). However, these statements
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may not always be practical, since they are often poorly

substantiated or not applicable in practice. For some
comorbidities and conditions, such as renal impairment and
cirrhosis, other sources can be consulted, but there are few
guidelines for DDSIs available (van Tongeren et al., 2020). In
the Netherlands, a best practice has been developed on how to
systematically evaluate DDSIs and implement recommendations
in clinical practice (van Tongeren et al., 2020; Diesveld et al.,
2021). This best practice defines the patient population at risk,
and evaluates specific drugs with respect to the clinical relevance
of its influence on blood pressure.

According to the warnings in the SmPCs, healthcare
professionals might want to avoid prescribing drugs with a DDSI
to patients with hypertension, given the negative effects with respect
to blood pressure. It can be difficult to recognize which drugs should
be avoided in patients with hypertension. Official product
information, handbooks, professional guidelines and original
manuscripts may describe a change in blood pressure as an
adverse reaction and consequently lists these drugs as a contra-
indication or warn that the drug should be avoided in patients with
hypertension. However, a shortcoming is that hypertension caused
by drugs is often not further defined, neither is the extent of blood
pressure change. Moreover, it is not always clear if adverse events
and warnings shown in product information and other literature are
clinically relevant. For physicians and pharmacists, this can be
problematic because it is not clear what kind of action is needed
to optimize medication safety for drugs prescribed to patients with
hypertension. The aim of this study is to assess the safety of
medication that can affect blood pressure in patients with
and provide recommendations for

hypertension practical

healthcare professionals.

2 Materials and methods

For the development of recommendations for the DDSIs of
hypertension, we used a previously developed six-step plan and
made it specific for hypertension (Figure 1). (van Tongeren et al.,
2020) This method combines literature and expert opinion to
develop new practical recommendations. Our expert panel
consisted of a fixed multidisciplinary panel of nine members:
four representatives of specialists responsible for prescribing:
two internist-clinical ~pharmacologist and two general
practitioners, five pharmacists responsible for dispensing: two
hospital pharmacists and three community pharmacists, and in
addition to the fixed panel three experts in the field of hypertension
research and treatment: two vascular internists and one hospital
pharmacist.
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Step 1
Definition of the scope of the -
DDSI
Step 6
Updating DDSI-assessment .Step 2 .
. ; Collection of evidence
reports with new evidence
Step 5
Publication of DDSI-assesment . Step 3
. i Evaluation of evidence and
reports and integration of S
Ll e - data extraction in DDSI-
alerts in Clinical Decision
assessment report
Support Systems
Step 4
Discussion/conclusion about

FIGURE 1

' clinical relevance, developing
practical recommendations

Flowchart of the six-step plan for evaluation of drug-disease interactions (DDSIs).

The six steps of the development of practical DDSI-
recommendations were as described below:

2.1 Scope of the DDSI

The scope of the DDSI described the minimal change (rise and
fall) in SBP and DBP that was regarded as clinically relevant.
Subsequently, the drugs to be evaluated were selected. All drugs
that mentioned hypertension in the Summary of Product
(rubric 4.3 and 44
“Warnings and precautions for use”) were selected.

Characteristics “Contra-indications”

2.2 Collection of evidence

Several sources were consulted for data with respect to the drugs
identified in step 1. The European Society of Hypertension
Guidelines (2023) and the harmonization (2022) of the American
Heart
2018 European Society of Cardiology/European Society of

College of Cardiology/American Association  and
Hypertension were consulted as clinical practice guidelines for
management of high blood pressure (Whelton et al, 2022;
Mancia et al., 2023). For all drugs, PubMed and EMBASE were
searched for literature concerning these drugs with potential risks
for patients with hypertension (see Table 1 for search strategy).
Studies were eligible if they fulfilled the criteria for the PICO
(Patient, Intervention, Comparison and Outcomes) model or
described outcomes in the general population with respect to the
influence of the drug on blood pressure. The key-question for the
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PICO was: does drug X affect blood pressure in patients with
hypertension in comparison to placebo or does drug X increase
the risk of side effects in patients with hypertension compared to
patients without hypertension? The quality of the studies that were
compliant with the PICO was evaluated with criteria for drug-drug
interactions adjusted for DDSIs: grade 4 for highest level of evidence,
grade 1 for lowest (van Roon et al., 2005). Publications with the
highest level of evidence were included, as were clinically relevant
studies with lower levels of evidence that described the population at
risk. Based on previously available evidence in clinical decision
support systems (CDSS), studies published in a timeframe of
2011-2023 were included. Studies were excluded if they did not
involve humans.

Moreover, the relevant rubrics in the European SmPCs and
American FDA Prescribing Information describing contra-
indications, warnings for special precaution, side effects and
pharmacology were searched for information about the DDSIL
Finally, and handbooks
hypertension were searched for information about the DDSL

national  guidelines describing

2.3 Data extraction

Data from the selected sources were extracted and presented in
the DDSI assessment report. Essential information about the study
type, number of patients with and without hypertension, drug dose,
results and conclusions were summarized. Based on all the
collected, the
preliminary conclusion on the clinical relevance of the DDSI and

information assessment report included a

the proposed action in case of the DDSIL.
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TABLE 1 General search strategy, specified for each drug.

("Drug X"[Mesh] OR "Drug Y"[Mesh] OR "Drug Z"[Mesh]) AND ("Hypertension"[Mesh] OR "Blood Pressure"[Mesh])

Pubmed

10.3389/fphar.2024.1360146

Embase

(hypertension’/mj OR "blood pressure’/mj) AND ('drug X’/mj OR ’drug Y’/mj OR ’drug Z) AND (‘placebo’/mj)

TABLE 2 Drugs evaluated as having a clinically relevant drug-disease interaction with hypertension, the underlying information in the SmPC and FDA
product information, and the action recommended for healthcare professionals.

Therapeutic

group

Mechanism of the
DDSI

SmPC information

Product
information (FDA)

Blood
pressure
increase

DDSI action

Corticosteroids Mineralocorticoids act on the | Corticosteroids should be Average and large doses of >30.0 mmHg SBP Close monitoring of
distal renal tubules and administered with caution hydrocortisone or cortisone and >10.0 mmHg blood pressure, adjust
promote reabsorption of water = and under close monitoring | could cause elevation of blood = DBP.(21-28) antihypertensive
and salt. in case of hypertension.(77) | pressure, salt and water treatment if needed.
Other mechanisms of action retent'{on, and incrc.eased
are: a direct effect on smooth excretion of potassium.(78)
muscle tissue of blood vessels,
activation of the central and
peripheral nervous system,
increased blood vessel
sensitivity to catecholamines,
redistribution of body fluids
with increased plasma volume
and increased cardiac
output.(76)

Danazol Weak mineralocorticoid Danazol may cause some Because danazol may cause 21.0 mmHg SBP and = Close monitoring of
action, which causes salt and | fluid retention, so it is some degree of fluid retention, = 20.0 mmHg DBP. blood pressure, adjust
water retention, increased recommended to use danazol = conditions that might be (29-33) antihypertensive
plasma volume and increased | with caution in patients with | influenced by this factor, such treatment if needed.
cardiac output.(79) hypertension.(80) as hypertension require careful

observation.(81)
Yohimbine Selectively inhibits the alpha-2  The use of yohimbine is not | - 10.0 mmHg SBP and = Close monitoring of

receptor, thereby stimulating
sympathetic activity in the
central nervous system. This

recommended in patients
with hypertension or
hypotension.(82)

DBP.(31-33)

blood pressure.

could lead to an increase in
blood pressure and heart
rate.(31)

The references of this table are cited in Supplementary Material.

2.4 Expert conclusion

The expert panel determined the scope of the DDSI, discussed
the clinical relevance of the DDSIs, and made conclusions by
consensus about the practical recommendations. If drugs met the
criteria for clinical relevance, the expert panel decided to signal these
DDSIs in CDSS according to clinically relevant literature and their
expert opinion. The following reasons were distinguished for not
signalling the DDSIs:

(1) Evidence that the specific drug had only a minor influence on
blood pressure;

(2) No evidence (data) for an effect of the drug on blood pressure;

(3) Short term use with active monitoring of blood pressure;

(4) Drug is prescribed under close monitoring of blood pressure
according to clinical guidelines.

The assessment reports were supplemented with the expert
opinions and conclusions. The results of the assessment reports
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including the motivation of the expert panel for the reasons above
and the underlying information in the SmPC and FDA Prescribing
Information are presented in Tables 2-4. The references of the tables
are included in Supplementary Material.

2.5 Publication and implementation

The conclusions and recommendations were published in the
Dutch standards for Clinical Decision Support (Borgsteede et al.,
2023; Royal Dutch Pharmacists Association and Koninklijke
Nederlandse Maatschappij ter bevordering der Pharmacie, 2023)
and were implemented nationwide in all Healthcare Information
Systems in primary and secondary care. The assessment reports
have been published (in Dutch) and can be consulted in the Dutch
standards for Clinical Decision Support: The G-Standaard and
Pharmabase. An example of a translated assessment report is
included as Supplementary Material. For clinically relevant
DDSIs, an alert is generated automatically in CDSS when the

frontiersin.org
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TABLE 3 Drugs evaluated as having no clinically relevant drug-disease interaction with hypertension, the underlying information in the SmPC and FDA
product information, and the motivation of the expert panel for this conclusion.

Therapeutic group/

drugs

Mechanism of the
DDSI

SmPC information

Evidence that the specific drug had minor influence on blood pressure

Product
information (FDA)

BP change

Amphetamines Stimulation of the release of Treatment could lead to slight Central nervous system (CNS) | Increase of SBP and DBP of
norepinephrine and dopamine, increase in blood pressure stimulants cause an increase in | 1.2-4.0 mmHg. (86-90)
especially in the central nervous | (approx. 2-4 mmHg). Caution in | blood pressure (about
system, resulting in an increase in | patients whose medical conditions | 2-4 mmHg). Monitor all
blood pressure and heart may present a risk of an increase in | patients for potential
rate.(83) blood pressure.(84) hypertension.(85)

Androgens Several mechanisms: Testosterone could cause an After initiating therapy, Increase of 0.9 mmHg SBP and
vasoconstriction, atherosclerosis, | increase in blood pressure. This periodically monitor for and 2.0 mmHg DBP. (98-106)
stimulation of the renin- drug should be used with caution | treat new-onset hypertension
angiotensin-aldosterone system | in men with hypertension.(96) or exacerbations of pre-existing
(RAAS), upregulation of hypertension.(97)
thromboxane A2 expression,
norepinephrine synthesis,
angiotensin II expression,
endothelin-1 stimulation, release
of neuropeptide Y and
attenuation of adenosine.(91-95)

Antidepressants Affection of vagal control of the | Adverse reaction: vascular disease; = Adverse reaction: Increase of 1.8 mmHg SBP and

Tricyclic heart, which has been seen to the | hypertension.(109) cardiovascular; 1.6 mmHg DBP. (39-41)

Antidepressants (TCAs)

Specific Serotonin

Reuptake Inhibitors (SSRIs)

Atomoxetine

Hormonal contraceptives

Metyrapone

Mirabegron

NSAIDs (incl. selective COX-
2-inhibitors)

greatest extent for TCAs. This
could possibly lead to increased
blood pressure.(107)

The underlying mechanism
remains unclear. Several
mechanisms: regulation of
vascular tone by serotonin,
inhibition of the synthesis of
nitric oxide and reduction of
sympathetic nervous
system.(108)

Inhibition of the norepinephrine
transporter theoretically
resulting in increased
norepinephrine plasma levels
and increased blood
pressure.(116)

Stimulation of renin synthesis by
estrogens causing water and salt
retention and peripheral
vasoconstriction.(119)

Inhibition of steroid 11B-
hydroxylase, resulting in
decreased cortisol and
corticosterone production. This
could lead to a blood pressure
lowering effect.(79)

Selective beta-3 agonist, which
loses its selectivity at higher doses
(>100 mg) leading to activation
of beta-1 adrenoreceptors in the
cardiovascular system.(128)

Several mechanisms: sodium
retention, decreased
prostaglandin-induced renal
vasodilation,
vasoconstriction.(79,135)

Overdose: Hypertension is
observed.(110)

Caution is advised in patients
where underlying diseases may be
exacerbated by increases in blood
pressure. Blood pressure should be
monitored.(111)

Caution is advised in patients
whose underlying medical
condition may be worsened by
increases in blood pressure and
heart rate.(117)

No association has been
demonstrated between the use of
hormonal contraceptives and
clinical hypertension.(120)

Prolonged treatment with
Metopirone may cause
hypertension due to excessive
secretion of
desoxycorticosterone.(125)

Blood pressure should be
measured at baseline and
periodically during treatment with
mirabegron, especially in
hypertensive patients.(129)

Caution is advised in patients with
a history of hypertension failure
prior to treatment. Fluid retention,
hypertension and edema have
been reported in association with
NSAID therapy.(136)

hypertension.(112,113)

Blood pressure should be
measured prior to initiating
treatment and periodically
measured throughout
treatment.(114)

Caution is advised in patients
whose underlying medical
conditions could be worsened
by increases in blood pressure
or heart rate. Pulse and blood
pressure should be measured at
baseline, at dose increases and
periodically.(118)

Closely monitoring is advised
and if significant elevation of
blood pressure occurs, oral
contraceptives should be
discontinued.(121)

Treatment and Management of
Overdosage: For a few days
blood pressure and fluid and
electrolyte balance should be
monitored.(126)

Periodic blood pressure
determinations are
recommended, especially in
hypertensive patients.(130)

NSAIDs could lead to new
onset of hypertension or
worsening of pre-existing
hypertension.(137)

Decrease of 13.0 mmHg SBP and
8.6 mmHg DBP.
(34,36-38,107,115)

Increase of 2.9 mmHg SBP and
2.1 mmHg DBP. (87,88,116)

Increase of 5.8 mmHg SBP and
3.6 mmHg DBP. (122-124)

The extent of blood pressure
decrease is unknown. (127)

Increase of 9.3 mmHg (SBP).
(128,131-134)

Increase of 6.0 mmHg. (138-140)
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TABLE 3 (Continued) Drugs evaluated as having no clinically relevant drug-disease interaction with hypertension, the underlying information in the SmPC

and FDA product information, and the motivation of the expert panel for this conclusion.

Therapeutic group/

drugs

Mechanism of the
DDSI

SmPC information

Product
information (FDA)

BP change

Thiazolidinediones Occurrence of oedema which - - Increase of 4.7 mmHg SBP and
theoretically could result in an 1.7 mmHg DBP. (142)
increase in blood pressure.(141)

Thyromimetics The underlying mechanism Hypertension should be excluded | Adverse reactions: increased Reduction of 7.7 mmHg SBP and

remains unknown. Genetic
mutations in the hypothalamic-
pituitary-thyroid system may
have an effect on blood pressure.
Thyroid dysfunction can cause
atherosclerotic changes can cause
elevated blood pressure.(143)

or treated before starting
treatment with thyroid
hormones.(144)

blood pressure.(145)

4.5 mmHg DBP. (146)

No evidence (data) for an effect of the drug on blood pressure

Antithrombotic drugs

Disulfiram

Methylergometrine

Antithrombotics are associated
with a risk of (intracerebral)
bleeding, which may be increased
by hypertension.(147) No effect
on blood pressure has been
described.

Unclear, disulfiram could
decrease norepinephrine
levels.(149)

Partial agonist and antagonist of
serotonergic, dopaminergic and
adrenergic receptors. Weak effect
on peripheral vessels.(153)

The risk of bleeding may be
increased in patients with
uncontrolled severe arterial
hypertension and/or receiving
concomitant therapy affecting
hemostasis.(148)

Close monitoring of blood
pressure should be considered in
case of mild or moderate
hypertension (severe hypertension
is contraindicated).(153)

Methylergometrine should be
given slowly with careful
monitoring of blood pressure,
because of the possibility of
inducing sudden hypertensive
and cerebrovascular
accidents.(154)

No evidence (data) for an effect of
the drug on blood pressure.

Increase of 48.9 mmHg SBP and
24.0 mmHg DBP. (150-152)

No evidence (data) for an effect of
the drug on blood pressure. (155)

Short term use of the drug of interest to cause a change

in blood pressure

Imidazoline derivatives
(nafazoline, oxymetazoline,
xylometazoline)

Prolactin inhibitors
(bromocriptine, cabergoline)

Sympathomimetics alpha +
beta (dopamine, ephedrine,
epinephrine, pseudo-
ephedrine)

Sympathomimetics beta
(dobutamine, formoterol,
isoprenaline, salbutamol)

Triptans and ergotamine

Frontiers in Pharmacology

Stimulation of al-adrenergic
receptors, resulting in
vasoconstriction of blood
vessels.(79)

Direct precursor to
norepinephrine, which at high
doses also stimulates the alpha
receptors, causing
vasoconstriction.

Stimulation of the adrenergic
receptors at the blood vessels and
a release of norepinephrine,
which stimulates al- and $1-
receptor, resulting in
vasoconstriction.(160)

Increase in blood pressure via the
beta-1 effect. Drugs with a
predominantly beta-2 effect, on
the other hand, cause
vasodilation

Vasoconstriction via the 5-
HT1B/1D receptor.(176)

Caution is advised in patients with
hypertension.(156)

Periodic monitoring of blood
pressure is recommended in
patients taking
bromocriptine.(158)

Caution is advised in patients with
hypertension.(161,162)

During treatment, blood pressure
should be monitored.(163,164)

Caution is advised in patients with
hypertension.(170,171)

Increase in blood
pressure >50 mmHg.(172)

Overdose: increased systolic
pressure and decreased diastolic
pressure may occur.(173)

Caution is advised in patients with
mildly controlled hypertension, as
transient increases in blood
pressure and peripheral vascular

06

Ask a doctor before use if you
have high blood pressure.(157)

Periodic monitoring of the
blood pressure, particularly
during the first weeks of
therapy is prudent.(159)

Careful monitoring is advised
for patients with
hypertension.(165,166)

When used to prevent
hypotension, ephedrine has
been associated with an
increased incidence of
hypertension.(167)

Caution is advised in patients
with hypertension.(174)
Patients with pre-existing
hypertension appear to face an
increased risk of developing an
exaggerated pressor
response.(175)

Caution is advised in patients
with controlled hypertension as
transient increases in blood
pressure and peripheral

The extent of blood pressure
increase is unknown.

Increase of 34.0 mmHg. (42-46)

Increase of 10.0 mmHg
(ephedrine nasal, epinephrine
epidural, pseudo-ephedrine
nasal). (168,169)

Increase in blood
pressure >50 mmHg.(172)

Increase of 22.0 mmHg SBP and
13.0 mmHg DBP. (179-181)

(Continued on following page)
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TABLE 3 (Continued) Drugs evaluated as having no clinically relevant drug-disease interaction with hypertension, the underlying information in the SmPC
and FDA product information, and the motivation of the expert panel for this conclusion.

Mechanism of the
DDSI

Therapeutic group/

drugs

resistance have been observed in a
small number of patients.(177)

SmPC information

Product
information (FDA)

BP change

vascular resistance have been
observed in a small proportion
of patients.(178)

BP, blood pressure; DBP, diastolic blood pressure; DDSI, drug-disease interaction; SBP, systolic blood pressure; SmPC, summary of product characteristics. The references of this table are cited

in Supplementary Material.

drug of interest is prescribed to a patient labelled with
hypertension.

2.6 Updating

The last step is to keep the information up-to-date after
implementation. New drugs will be evaluated once they have
market authorization, and literature and risk information will be
screened periodically for every single drug.

3 Results

3.1 Scope: hypertension as drug-disease
interaction

The degree of changes in blood pressure is important for the
DDSI hypertension. The meta-analysis by Whelton et al. reported
that an increase of 20 mmHg for SBP and an increase of 10 mmHg
for DBP was associated with an increased cardiovascular disease risk
(Whelton et al, 2017). The expert panel defined an increase
of >10 mmHg of SBP and >5mmHg of DBP as clinically
relevant, which could already increase the risk of cardiovascular
diseases (Vishram et al., 2012; Whelton et al., 2017; Williams et al.,
2018). For decreases in blood pressure, a reduction of at least
20 mmHg SBP and 10 mmHg DBP was defined as clinically
relevant according to the European hypertension guideline with
regard to orthostatic hypotension (Williams et al., 2018).

The databases were searched for the most recent evidence
published until 2023. The drugs that were evaluated are listed in
Table 2 (drugs with a clinically relevant DDSI), Table 3 (drugs with no
clinically relevant DDSI) and Table 4 (drugs with close monitoring of
blood pressure according to clinical guidelines). Table 2 also presents
the conclusions and suggested recommendations on how to act when
the DDSI occurs. Furthermore, motivations were given for not
recommending an alert for a certain DDSI (Tables 3, 4). Below,
the clinically relevant drugs for DDSI hypertension are described.

3.2 Clinically relevant drug-disease
interactions

3.2.1 Corticosteroids

Corticosteroids can cause or exacerbate hypertension, especially
when used for more than 2 weeks and in high doses (daily dose of
prednisone equivalent >7.5 mg) (Distler et al., 1979; Panoulas et al.,
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2008; Sazliyana et al.,, 2011; Fardet et al., 2015; Miyabe et al., 2016;
Baker et al., 2018; Bloechliger et al., 2018; Rice et al., 2018).

The advice for all high dosed corticosteroids that are used for
more than 2 weeks is to monitor blood pressure more often. If
necessary, the antihypertensive therapy has to be adjusted according
to the blood pressure.

3.2.2 Danazol

Danazol has a weak mineralocorticoid activity, through which it
can increase blood pressure via water and salt retention. A clinically
relevant increase in blood pressure of approximately 20 mmHg has
been observed after use of danazol in two case reports (Bretza et al,,
1980; Pears and Sandercock, 1990). It is recommended to monitor
blood pressure more often and to adjust the antihypertensive therapy
if the blood pressure remains high during danazol treatment.

3.2.3 Yohimbine

Yohimbine is an a2-adrenergic receptor antagonist, which
stimulate sympathetic activity in the central nervous system and is
generally used for impotence. Studies have shown that in patients with
pre-existing hypertension, blood pressure increased more than in
patients who did not have hypertension prior to yohimbine
administration (Damase-Michel et al., 1993; Grossman et al., 1993;
Musso et al., 1995). For this reason, yohimbine has to be replaced by a
phosphodiesterase-5 inhibitor in patients with hypertension.

3.3 Monitoring of blood pressure

Monitoring of blood pressure may be part of clinical follow-up
by the prescriber, yet self-monitoring is becoming more common
and recommended by hypertension guidelines. With a validated
blood pressure measurement device and instructions, it is possible to
correctly monitor blood pressure at home (Whelton et al,, 2017). In
case of a clinically relevant DDSI, blood pressure should be
monitored at least once a month after initiating therapy,
subsequently every 3 months until blood pressure stabilizes. After
stabilization monitoring can take place every 6 months.

3.4 Drug-disease interactions evaluated as
not clinically relevant

Many sources, mainly the official product information, stated
that certain drugs should be avoided or used with caution in patients
with hypertension. Yet, after evaluation of the available evidence by
the expert panel it was concluded that most drugs had no clinically
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TABLE 4 Drugs evaluated as having a drug-disease interaction with hypertension, but are deemed to be not clinically relevant because of close monitoring
of blood pressure according to clinical guidelines and the underlying information in the SmPC and FDA product information.

Therapeutic group/

drugs

Alemtuzumab

Angiogenesis inhibitors
(lenalidomide, pomalidomide,
thalidomide)

Basiliximab

Bortezomib, carfilzomib)

Calcineurin inhibitors

Mechanism of the
DDSI

Rapid depletion of lymphocytes
due to alemtuzumab, resulting
in induction of cytokine release.
As a consequence, systemic
proinflammatory reaction may
induce the increase of
SBP.(182)

The underlying mechanism is
unknown.

The underlying mechanism is
unknown. Probably occurrence
of oedema which theoretically
could result in an increase in
blood pressure.

Decrease in nitric oxide
availability and endothelial
dysfunction causing
hypertension.(5)

Increase in blood pressure by
affecting physiological systems
(T RAAS system and
endothelin-1, T sympathetic
nerve system, T nitric oxide
system).(5,55)

SmPC information

Adverse reaction:
hypertension.(183)

Adverse reaction:
hypotension, hypertension

Caution is advised in patients
with known risk factors for
thromboembolism
(hypertension).(186)

Adverse reaction:
hypertension.(188)

Adverse reaction:
hypotension, hypertension.

Product
information (FDA)

Infusion reactions:
hypertension, hypotension.(184)

Adverse reaction: hypotension,
hypertension.

Caution is advised in patients
with known risk factors for
thromboembolism
(hypertension).(187)

Adverse reaction:
hypertension.(189)

Adverse reaction: hypotension,
hypertension.

Treatment with bortezomib is
associated with orthostatic
hypotension.(191)

Blood pressure should be
monitored regularly during
treatment with cyclosporin. If
hypertension occurs,
appropriate antihypertensive
therapy should be
instituted.(193)

Caution is advised in patients
using antihypertensives.(192)

Patients who may be at increased
risk such as those with abnormal
renal function, uncontrolled
hypertension or malignancies,
should not receive cyclosporine
capsules.(194)

BP change (maximum)

Increase of 19.2 mmHg SBP and
6.2 mmHg DBP. (185)

The extent of blood pressure
decrease/increase is unknown.

The extent of blood pressure increase
is unknown. (190)

The extent of blood pressure
decrease/increase is unknown.

Increase of 15.0 mmHg. (49-55)

Erythropoietic growth factors

Immunomodulants
(abatacept, glatiramer,
vedolizumab)

Unclear, may be caused by an
increase in vascular resistance
due to vasoconstrictive effects
of endothelin-1 and a decrease
in vasodilating nitric
oxide.(195)

The underlying mechanism is
unknown.

Blood pressure should be
closely monitored and treated
as necessary in all patients
treated with epoetin alfa.
Initiation or increase of
antihypertensive therapy may
be necessary.(196)

Adverse reaction:
hypertension,
hypotension.(203)

Appropriately control
hypertension prior to initiation
of and during treatment with
epoetin-alfa. Reduce or withhold
epoetin-alfa if blood pressure
becomes difficult to
control.(197)

Adverse reaction: hypertension,
hypotension.(204)

Increase of >10 mmHg.
(195,198-202)

The extent of blood pressure
increase/decrease is unknown.

Leflunomide, Teriflunomide

Mono-Amine Oxidase (MAO)
inhibitors (classic)

Frontiers in Pharmacology

The underlying mechanism is
unknown. Teriflunomide is an
active metabolite of
leflunomide.

Prevention of the metabolism
of tyramine, causing a rise in
tyramine levels in blood and
therefore a rise in blood
pressure.(79)

Blood pressure should be
monitored at the start of
leflunomide treatment and
periodically thereafter.(205)

Blood pressure should be
checked before starting
treatment with leflunomide and
monitored periodically
thereafter.(207)

Leflunomide: Increase of 40.0 mmHg
SBP and 20.0 mmHg DBP.

Elevation of blood pressure
may occur during treatment
with teriflunomide. Blood
pressure elevation should be
appropriately managed before
and during treatment with
teriflunomide.(206)

Patients with moderately
elevated or low blood pressure
or those at increased risk of
hypertensive reactions (e.g.,
hyperthyroidism) should only
take tranylcypromine with
regular blood pressure
monitoring.(213)

08

Teriflunomide may increase
blood pressure. Measure blood
pressure at treatment initiation
and monitor blood pressure
during treatment.(208)

Assess blood pressure before
prescribing tranylcypromine
tablets and closely monitor
blood pressure in all patients
taking tranylcypromine
tablets.(214)

Teriflunomide: the extent of blood
pressure increase is unknown.
(21,209-212)

Increase of 42.0 mmHg.
(56-58,61-63)

(Continued on following page)
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TABLE 4 (Continued) Drugs evaluated as having a drug-disease interaction with hypertension, but are deemed to be not clinically relevant because of close
monitoring of blood pressure according to clinical guidelines and the underlying information in the SmPC and FDA product information.

Therapeutic group/

drugs

MTOR-inhibitors
(everolimus, sirolimus,
temsirolimus)

Mechanism of the
DDSI

Decrease in VEGF
bioavailability causing
hypertension.(5)

SmPC information

Adverse reaction:
hypertension.(215)

Product
information (FDA)

Adverse reaction:
hypertension.(216)

BP change (maximum)

Decrease of 13.0 mmHg. (217,218)

Phenethylamine derivatives
(phenylephrine, midodrine)

Phosphodiesterase inhibitors
(milrinon, enoximon)

Stimulation of al-adrenergic
receptors, resulting in
vasoconstriction of blood
vessels and an increase in blood
pressure.(79)

Selective inhibition of the
enzyme phosphodiesterase 5
(PDE 5), which catalyzes the
hydrolysis of cyclic guanosine
monophosphate (cGMP),
causing vasodilation.(230)

Regular monitoring of blood
pressure is necessary because
of the risk of hypertension in
the lying position, e.g., in the
evening.(219)

Caution is advised in patients
who have low blood pressure
prior to treatment, because
milrinone may cause
hypotension due to its
vasodilatory action.(231)

Blood pressure should be
monitored carefully when
midodrine hydrochloride is used
concomitantly with other agents
that cause
vasoconstriction.(220)

During therapy with milrinone,
blood pressure and heart rate
should be monitored and the
rate of infusion slowed or
stopped in patients showing
excessive decreases in blood
pressure.(232)

Increase of >15.0 mmHg for
phenylephrine, >20.0 mmHg for
midodrine. (221-229)

The extent of blood pressure decrease
is unknown. (233,234)

Prostaglandins

Elicitation of natriuresis, water
diuresis, causing an increase in
renal blood flow and a decrease
in systemic blood
pressure.(235)

Adverse reaction: causal
relationship unknown;
hypertension.(236)

Increase of 16.0 mmHg SBP and
19.0 mmHg DBP. (237,238)

Protein kinase inhibitors
(binimetinib, brigatinib,
erlotinib, gefitinib, lorlatinib)

Effect on the RAAS system and
decreased nitric oxide
availability due to effect on
vascular endothelial growth
factor (VEGF) pathway causing
an increase in blood
pressure.(239)

Blood pressure should be
measured at baseline and
during treatment, with
management of high blood
pressure by standard therapy
as appropriate.(240)

Before taking binimetinib, tell
your healthcare provider about
all of your medical conditions,
including if you have high blood
pressure (hypertension).(241)

The extent of blood pressure increase
is unknown. (242-246)

TNF-alpha inhibitors

VEGF-antagonists
(aflibercept, axitinib,
bevacizumab, cabozantinib,
dasatinib, lenvatinib, nilotinib,
nintedanib, pazopanib,
ponatinib, ramucirumab,
regorafenib, sorafenib,
sunitinib, tivozanib,
vandetanib)

The underlying mechanism
remains unknown. Serum
Tumor necrosis factor-alpha
(TNF-a) level is elevated in
hypertensive patients.(247)
Theoretically the use of TNF-
alpha inhibitors could lead to a
decrease in blood pressure

Decreased production and
release of nitric oxide and
prostacyclin and increased
vascular resistance and blood
pressure.(254) Increase in
endothelin-1 bioavailability,
oxidative stress and
dysfunction of endothelial
microvascular rarefication.(5)
Also an alteration in glomerular
filtration, loss of capillary
circulation and imbalance
between vasodilators and
vasoconstrictors.(255)

Adverse reactions - Common:
Hypertension.(248)

It is recommended to monitor
blood pressure every 2 weeks
or more often during
treatment.(256)

Serious cerebrovascular
accidents, myocardial ischemia/
infarction (some fatal),
hypotension, hypertension, and
arrhythmias have been reported
during and within 24 h of
initiation of infliximab
infusion.(249)

Monitor blood pressure every

2 weeks of more often during
treatment. (257)

Increase of 2.0 mmHg SBP and
1.0 mmHg DBP. (247,250-253)

The extent of blood pressure decrease
is unknown. (258)

BP, blood pressure; DBP, diastolic blood pressure; DDSI, drug-disease interaction; SBP, systolic blood pressure; SmPC, summary of product characteristics. The references of this table are cited

in Supplementary Material.

relevant DDSI. These drugs without a clinically relevant effect on
blood pressure are listed in Table 3. Below, a summary of
recommendations of drugs without a clinically relevant DDSI for
hypertension are combined and presented according to the reason.

3.4.1 Evidence that the specific drug had minor
influence on blood pressure

For a group of drugs, hypertension is described as a contra-
indication in the SmPC. For some drugs (e.g., SSRI’s), no
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evidence was found in literature to support a clinically
relevant DDSI for hypertension, a plausible
pharmacological mechanism described. For other drugs (e.g.,

nor was
amphetamines, hormonal contraceptives and thyromimetics),
there was a plausible pharmacological mechanism, yet the
magnitude of blood pressure change was unknown and there
were no data to indicate that the changes in blood pressure did
exceed the limits for clinical relevance. For these drugs, an alert
for a DDSI was not considered relevant.
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Antidepressants. Having depression is associated with increased
blood pressure (Diminic-Lisica et al., 2014), and treating depression
could lead to a reduction in blood pressure, despite the possible
blood pressure-raising effect of antidepressants (Fu et al., 2015). In
patients with hypertension, no risk of worsening hypertension was
found for serotonin reuptake inhibitors (SSRIs) and venlafaxine
(Thase, 1998; Diminic-Lisica et al., 2014; Fu et al., 2015; Razavi Ratki
et al,, 2016; Peixoto et al,, 2019). In most patients using tricyclic
antidepressants (TCAs), the increase in blood pressure did not reach
the minimal clinically important difference (Licht et al, 2009;
Breeden et al., 2018; Crookes et al., 2018).

3.4.2 No evidence (data) for an effect of the drug on
blood pressure

Antithrombotics and methylergometrine were evaluated
because of the warning about hypertension in SmPC’s/Product
information. However, we did not find studies that indicated that
these drugs altered blood pressure. These agents are therefore not
signaled for the DDSI hypertension.

For other drugs such disulfiram no warnings were stated in the
product information, although there were case-reports that
published increase in blood pressure. According to the expert
panel, these anecdotal case-reports provide insufficient evidence
to limit the use of these drugs in patients with hypertension.

3.4.3 Short-term use

For the majority of blood pressure changes caused by ergotamine,
imidazoline derivatives, prolactin inhibitors, sympathomimetics and
triptans, the change in blood pressure is often transient. Due to the
specific indication of drugs to cause transient high blood pressure or
short-term use of some drugs, additional signaling through CDSSs was
deemed not necessary for these drugs.

Prolactin inhibitors. Cases of intracranial hemorrhage and an
increased risk of postpartum hypertension due to drug-induced
hypertension have been reported for prolactin inhibitors
(bromocriptine, cabergoline) (Watson et al., 1989; Kirsch et al,
2001). The manufacturers advise against the use of these drugs in
hypertension, including gestational hypertension. However, based
on available evidence and short-term use, the influence of prolactin
inhibitors on blood pressure does not appear to be clinically relevant
(Herings and Stricker, 1995; Gulleroglu et al, 2012; Bernard

et al., 2015).

3.4.4 Close monitoring of blood pressure
according to clinical guidelines

Table 4 summarizes drugs of which the DDSI with hypertension
required no further action because of close monitoring of blood
pressure according to clinical guidelines (Lyon et al., 2022). For these
drugs monitoring of blood pressure for all patients is already
recommended in protocols, due to known influences on blood
pressure. Since use of these drugs is safe because of regular
monitoring of the blood pressure, additional signaling for a DDSI
via CDSS were not considered relevant, even though a clinically
relevant effect on blood pressure was found in literature.
Furthermore, additional alerts for these drugs could lead to alert
fatigue (van Tongeren et al., 2020).

Calcineurin inhibitors. In a systematic review and clinical
studies, a mean increase in blood pressure of 11 mmHg was seen
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for high doses of cyclosporin, which were above the lower limit for
clinically relevant increase of blood pressure (Taylor et al., 1999;
Klein et al., 2002; Higgins et al., 2004; Snanoudj et al., 2004; Robert
etal,, 2010; Marienhagen et al., 2019). However, there did not appear
to be a group effect here, as tacrolimus had minimal effect on blood
pressure (Woo et al., 1997; Taylor et al., 1999; Klein et al., 2002).
Moreover, transplantation, for which calcineurin inhibitors are
often used, could also lead to hypertension itself (Hoskova
et al., 2017).

MAO-inhibitors. Hypertension has been reported as side effect
for the use of monoamine oxidase inhibitors (MAOIs) (Keck et al.,
1989; Lavin et al., 1993; Taylor et al., 2005), and therefore patients
need to avoid tyramine-containing foods that might provoke
hypertensive crisis. (Stahl and Felker, 2008; Stahl, 2013).
Another effect of MAOQOIs
hypotension, hence blood pressure is monitored for classical
MAOIs (Zandee et al., 2017). As selective MAOIs (such as
hardly
monitoring of blood pressure is not needed (Bonnet, 2003;
Yamada and Yasuhara, 2004).

common side is orthostatic

moclobemide) are associated with  hypertension,

4 Discussion

While hypertension is mentioned as contra-indication in many
sources including the official product information, only a few
drugs have a clinically relevant DDSI with hypertension.
Interactions with corticosteroids, danazol, and yohimbine are
associated with a significant increase in blood pressure (more
than 10 mmHg SBP or 5mmHg DBP) and determined as
clinically relevant by our expert panel. The majority of
hypertension contra-indications mentioned in the SmPCs of
drugs were determined to be not clinically relevant. The most
common reasons for this were a minor influence on blood
pressure, lack of data indicating an effect on blood pressure,
and short-term use of the drug. Moreover, alerts for drugs used
under close monitoring of blood pressure according to clinical
guidelines, e.g., oncology protocols, were considered to be of no
additional value for drug safety.

Our study reveals that for many drugs the statements of
hypertension as a DDSI in product information are often
poorly supported by data. Healthcare professionals might
withhold first-choice medication based on these statements,
which may lead to suboptimal treatment. To ensure that
healthcare
information should quantify blood pressure changes, if possible
with expected effect on systolic or and diastolic values. This level

professionals make good decisions, product

of detail is already mandatory for other pharmacological
information, such as drug-drug interactions that mention the
effects on plasma levels and drug exposure (European Medicines
Agencey EMA, 2009). In addition, product information should
provide guidance on appropriate actions when a DDSI occurs,
such as dose adjustments or blood pressure monitoring (Weersink
et al, 2019). This knowledge should be developed in clinical
with
concerning

studies investigating medication safety in patients

hypertension, leading to recommendations

discontinuation of treatment, dose adaptation, or monitoring
of blood pressure.
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While evidence indicates blood pressure changes for some drugs
used by patients with specific conditions such as oncology or
additional DDSI
unnecessary. This is because blood pressure is already closely

transplantation, alerts are considered
monitored during therapy for these conditions according to
clinical guidelines. Additional alerts would lead to alert fatigue
and unnecessary contact about drug therapy between healthcare
professionals (Phansalkar et al., 2013). Clinical guidelines may differ
between countries and settings, resulting in varying local guidelines
for DDSI in different settings and regions.

Since there are only statements in product information for
the DDSI hypertension, recommendations for uncontrolled
hypertension fall outside the scope of this study. Uncontrolled
hypertension occurs when blood pressure remains high despite
treatment. Reasons for this condition can be (pseudo-)resistance
to antihypertensive drug treatment due to specific conditions
such as transplantation, consumption of specific dietary
ingredients (e.g., salt) or non-adherence to antihypertensives
(Spence, 2018). It is important to identify the root cause of
uncontrolled hypertension and to avoid drugs that can change
blood pressure even further. For example, in women with
uncontrolled hypertension, oral contraceptives should be
avoided (ACOG Practice Bulletin, 2019; Shufelt and LeVee,
2020), whereas oral contraceptives are not signaled for
hypertensive patients due to an on average minor influence on
blood pressure. As uncontrolled hypertension is generally
monitored intensively, a change in blood pressure due to
drugs could be noticed earlier in patients with uncontrolled
hypertension than in patients with controlled hypertension.

One of the most important strengths of this study is its unique
approach in evaluating the interaction between hypertension and
medication, providing practical recommendations following a
combination of literature review and expert opinion. With
limited studies available in patients with hypertension, expert
opinion adds relevant pharmacological and clinical perspectives
to the practical recommendations. Moreover, we examined all the
drugs marketed in the Netherlands, representing the majority of the
drugs available in other countries. The multidisciplinary character of
the expert panel guaranteed that different perspectives were
included and that the recommendations were applicable in a
wide range of healthcare settings.

An additional strength of this approach is that this study
contributes to limiting alert fatigue. Alert fatigue is one of the
main reasons why alerts are overridden (van der Sijs et al., 2006;
Isaac et al., 2009; Nanji et al., 2014; Shah et al., 2021). In a systematic
review, the various factors influencing the efficiency and
appropriateness of alerts in CDSSs was investigated. The review
concluded that most of the alerts were not properly designed, which
explained high frequency of alert overrides in clinical care (Olakotan
and Mohd, 2021). To combat alert fatigue, our study contributes by
suggesting only clinically relevant DDSIs. However, defining
clinically relevant blood pressure change poses a challenge,
necessitating a multidisciplinary approach. With this systematic
methodology, it is possible to balance clinical relevance and alert
fatigue, hereby preventing alert overrides and possible unsafe
situations.

A limitation to this study is the absence of a clearly defined
boundary for relevant changes in blood pressure. It is not possible
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to define what the expected effects of drugs would be on systolic
and diastolic blood pressure prior to the evaluation. For this
reason, we defined these boundaries in our multidisciplinary
setting. However, the limits we used may be arbitrary, as there
are specific patient groups that may require stricter monitoring.
In some patient groups with specific comorbidities, even a
smaller increase (>5mmHg) in SBP may be important
(Whelton et al., 2017). Moreover, the increase in SBP is more
important in patients >50 years, and the increase in DBP is
important in patients <50years (Williams et al, 2018).
Presumably, the risk for hypertension could increase when
more risk factors are present. As the current DDSI-alerts do
not involve additional risk factors, a future development could be
that clinically important differences should be determined in the
context of multiple individual patient characteristics.

A final limitation lies in the challenge of adopting our
the

Netherlands, healthcare providers have the professional freedom

recommendations in settings in other countries. In
to deviate from official documents such as the SmPC, which may be
different in international settings (Eickhoff et al., 2021). In addition,
our recommendations are based on Dutch treatment guidelines and
practice. With this study, we aimed to contribute to the international
dissemination and implementation of knowledge about DSSIs for
hypertension.

This study identified a considerable knowledge gap for drugs
that might have an influence on blood pressure, yet without
sufficient clinical data to support that claim. Future studies
should focus on the clinical relevance of these potential DDSIs
and quantify the extend of blood pressure change. In countries
where healthcare professionals can use data about the patient’s
comorbidities in their electronic prescribing system, it is possible
to integrate alerts in a CDSS (Diesveld et al, 2021).
Implementation of automatic alerts in prescribing systems and
CDSSs, combined with multidisciplinary cooperation, could
enhance patient care and potentially reduce alert fatigue
(Weissenborn et al., 2017). Future research should investigate
the effectiveness of such implementations on safe drug use in
patients with hypertension and reducing alert fatigue, time

and costs.

5 Conclusion

With a systematic approach, we evaluated the interactions
between prescribed drugs and hypertension. We developed
practical recommendations for healthcare professionals, based on
the available evidence and expert opinion and implemented these in
clinical decision support systems in the Netherlands. These
recommendations can serve as a basis to be applied in daily
practice in international settings as well, to improve medication
safety and patient safety.
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