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Abstract

Background High level of comorbidity between bipolar disorder or schizophrenia and cardiovascular diseases (CVD) in
clinical practice may contribute to drug—drug interactions between medications used in these conditions. The aim of this
study was to evaluate harmful interactions between antipsychotics and medications used in treatment of CVD.

Methods The analysis of 52 cases of adverse reactions with a clinical picture indicates that they were the result of the com-
bination of antipsychotic with cardiovascular medications.

Results The highest number of interactions with antipsychotics was recorded among beta-blockers (n=13, 25% of all cases),
including cardiac arrhythmias [atrial fibrillation (n = 1): risperidone plus atenolol; bradycardia (n=1): perphenazine with
metoprolol; ventricular arrhythmias: sertindole with metoprolol (n = 1) and ziprasidone with sotalol (n=3)] and hypotension
[chlorprotixene with nebivolol or metoprolol (n=2)]. 12 cases concerned statins—myalgia, myopathy, or creatine kinase
elevation appeared after combination of atorvastatin with haloperidol (n=1), quetiapine (n=3) or risperidone (n=1), and
simvastatin with quetiapine (n=>5) or risperidone (n=2). There were also cases of interactions observed for the use of antip-
sychotics with anti-arrhythmic drugs (amiodarone, flecainide, propafenone) (n=11), calcium channel blockers (n=6), and
other cardiac medications: clonidine, dabigatran, doxazosin, ivabradine, and losartan (n = 10).

Conclusions Due to a high risk of interactions and related adverse effects, particular attention should be paid while using
cardiovascular medications with antipsychotics. Clinical decisions should be preceded by a detailed analysis of safety, risk—
benefit ratio to search for, as safe as possible, drug combinations.

Keywords Antipsychotics - Cardiovascular disorders - Interactions - Adverse effects

Introduction

Cardiovascular disease (CVD) as well as psychiatric dis-
orders and illnesses are, according to reports of the World
Health Organization (WHO), one of the leading causes of
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disability in the world [1]. The relationship between CVD
and psychiatric disorders is complex. People with bipolar
disorder (BD) or schizophrenia (SZ) live 10-25 years shorter
than the general population, and the most common cause of
death in this group of patients is precisely CVD [2, 3].

In a meta-analysis from 2017 including 92 cross-sectional
and longitudinal studies on the occurrence of CVD diseases
in patients with serious mental illness (i.e., SZ, BD, or
depression), approximately 10% of people in this population
had at least one comorbid CVD disease [4]. The authors esti-
mated that patients with mental illness had a 53% increased
risk of receiving a CVD diagnosis and an 85% increased risk
of death due to CVD in comparison with the general popula-
tion [4]. As important modulators, the authors recognized,
among others, use of antipsychotics or increased body mass
index. In another meta-analysis involving 13 cohort studies
on CVD risk among people diagnosed with SZ (the analysis
included a total of over 3.5 million people), it was shown
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that patients with this disease had a 1.53 times greater risk
of CVD disease compared to control group [5]. A systematic
review and meta-analysis of 31 cohort studies on mortality
in patients with bipolar disorder showed that these patients
were even twice as likely to die from CVD as compared
to the general population [6]. In an epidemiological study
involving over 40,000 people (with nearly 1500 people with
atype 1 BD), the incidence of CVD diseases among patients
diagnosed with bipolar disorder was almost fivefold higher
than in the control group, even after taking into considera-
tion factors such as age, obesity, and smoking [7]. On the
other hand, in a Swedish study on over 6.5 million adult
Swedes, including 6618 people with bipolar disorder, it was
observed that patients with this diagnosis had an increased
risk of developing CVD (1.3 times in women and 1.2 times
in men) [8].

The use of polypharmacotherapy (defined as the use of
several drugs at the same time—the lack of a unified nomen-
clature in the literature [9]) is a phenomenon that is frequent
both in psychiatric [10] and cardiological patients [11]. Poly-
therapy increases the risk of potential adverse drug—drug
interactions (DDI) of a pharmacokinetic or pharmacody-
namic nature [10]. Due to the co-existence of psychiatric
conditions described above (BD, SZ) and CVD in clinical
practice, there may be an interaction between the drugs used
in these conditions.

Aim of the work

The aim of this study was to assess the occurrence of adverse
drug interactions between antipsychotics (used in the treat-
ment of SZ and BD) and medicines used in the treatment of
cardiovascular diseases. In all of the patients analyzed in our
work, there were side effects whose clinical picture indicated
(to a probable or certain degree) that side effects occurred
in a combination of an antipsychotic drug with a drug used
in CVD therapy.

Methods

Data regarding drug-related complications come from the
material of the University Center for Clinical Drug Adverse
Effects Monitoring and Study at the Clinic of Pharmacology
of the Jagiellonian University Medical College in Krakow,
which as a regional center monitors and reports, in accord-
ance with existing legal acts, the complications of pharma-
cotherapy. The center also provides specialist consultations
in the field of pharmacotherapy, adverse reactions, and
drug interactions for outpatient clinics and hospitals from
the following provinces: Matopolskie, Swigtokrzyskie, Pod-
karpackie, and Slaskie. Such consultations are carried out
by specialists in the field of pharmacology, clinical pharma-
cology, internal diseases, and annually, their number varies

between 850 and 1100. Due to the constantly increasing
number of complications of the interaction of psychotropic
drugs with other simultaneously used drugs, the center regu-
larly cooperates with the Department of Affective Disorders
of the Department of Psychiatry, Jagiellonian University
Medical College.

The data presented below were collected by analyzing
orders for pharmacotherapy from persons in outpatient treat-
ment (in geriatric, cardiac, and mental health clinics) and
stationary treatment in emergency (SOR), internists, and
cardiology departments. Data from the period from January
1, 2017 to March 30, 2018 were analyzed. To determine the
correlation between the pharmacological treatment used and
the adverse effects noted, pharmaco-epdemiological analysis
was performed and the cause—effect relationship between
the treatment and the clinical picture of the complications
was determined. Pharmacodynamic and pharmacokinetic
interactions as well as interactions related to the aggregation
of the side effects of concurrently used antipsychotic drugs
with cardiac drugs have been evaluated. In the analyzed
cases, the average number of drugs used in the patient was
6 (min.: 4, max.: 9). In all cases, there was a cause—effect
relationship probable (n=41) or certain (n=11) between
joining the pharmacological treatment of cardiac drugs and
the occurrence of complications with the clinical picture
characteristic of the used drugs. The average age in the
whole group of patients was 63.13 (SD=7.07).

Interactions in the antipsychotic group (n=52)

In the area of antipsychotic drugs, the interactions resulting
from the administration of 13 of them were found in the ana-
lyzed cases. Table 1 provides information on the interactions
that have occurred as a consequence of the combination of
antipsychotic drugs with CVD drugs.

Results

The highest number of interactions between cardiac drugs
and antipsychotics in the analyzed group was observed
among beta-blockers—atenolol, nebivolol, metoprolol,
and sotalol (n=13, 25% of cases). The most frequent
adverse reaction in this subgroup was cardiac arrhythmias
(n=6, approximately 11.5% of cases) of atrial fibrillation
(risperidone with atenolol, n=1), bradycardia (n =1, per-
phenazine with metoprolol), or ventricular arrhythmias
[in case of the connections of sertindole with metoprolol
(n=1) and ziprasidone with sotalol (n=3)]. In one case,
ventricular arrhythmias and death occurred in which the
interaction between ziprasidone and satolol occurred. In
two cases, hypotension was indicated due to the combina-
tion of chlorprotixene with nebivolol or metoprolol. One
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patient using aripiprazole and metoprol experienced a
seizure. The mean age in the subgroup of patients using
beta-blockers was 63.62 years (SD =5.87).

Another large group of interactions with antipsychotics
concerned statins (n=12, approx. 23% of cases). In 11
cases, the effects of the interaction were muscle disorders,
i.e., myalgia, myopathy, or creatine kinase. The interaction
of atorvastatin with haloperidol (n=1), quetiapine (n=3),
and risperidone (n=1) and simvastatin with quetiapine
(n=35) and risperidone (n =2) were observed. The average
age in this group was 58.92 years (SD=28.41).

A total of 11 interactions were observed (n=11, approx-
imately 21%) in patients using LPP and anti-arrhythmic
drugs such as amiodarone (class III anti-arrhythmic drug
by Williams), flecainide, or propafenone (class Ic). In two
patients using amiodarone with asenapine or ziprasidone,
ventricular arrhythmias have been reported. In four cases,
after combining olanzapine with propafenone, clozap-
ine with amiodarone, and aripiprazole with amiodarone,
akathisia was observed. Two people using clozapine with
amiodarone or propafenone developed salivation.

Six cases related to combinations of drugs from the
group of calcium channel blockers with antipsychotics
(n=6, approximately 11.5% of cases)—two interactions
of verapamil, two diltiazem, and one for amlodipine and
lercanidipine. In two cases, hypotonia was observed when
combining haloperidol with amlodipine or lercanidipine.
The interaction between risperidone and verapamil led to
the occurrence of bradycardia, and between diltiazem and
sertindole to ventricular arrhythmias.

The remaining ten cases of interactions related to
cardiac drugs other than beta-blockers, calcium channel
blockers, statins, and Williams class Ic or III anti-arrhyth-
mics. In five patients, there was an interaction between
doxazone and antipsychotics. In four cases, hypotonia was
observed when doxazosin was combined with promazin,
pernazine, or risperidone. One person who used perina-
zine with doxazosin had severe dizziness that prevented
motor activity. One case of interaction between haloperi-
dol and oral anticoagulant dabigatran was indicated, which
resulted in decreased dabigatran efficacy and the occur-
rence of peripheral thrombosis. Two interactions were
related to the use of ivabradine (a multifunctional medi-
cine with selective blocking of the sinus-vestibular chan-
nel, used to treat ischemic heart disease)—fever occurred
with combination with clozapine, and with quetiapine—
blurred vision and collapse resulting in fracture of the
femoral neck. There has been hypotension observed in a
person using risperidone with clonidine. The combination
of risperidone with losartan caused in one of the analyzed
cases atrial fibrillation. Table 2 presents the metabolism of
selected antipsychotics by CYP 450 isoenzymes.

Table 2 Metabolism of selected antipsychotics by liver CYP450 iso-
enzymes (based on Refs. [12, 13])

Antipsychotic CYP 450 isoenzymes for which antipsy-

chotic is a substrate

Amisulpride -

Aripiprazole 3A4, 3A5, 3A7, 2D6

Asenapine 1A2, 3A4, 2D6
Brexpiprazole 3A4,2D6

Cariprazine 3A4, 2D6
Chlorprothixene 2D6

Clozapine 1A2, 3A4, 2C19, 2D6
Haloperidol 1A2, 3A4, 3A5, 3A7, 2D6
Lurasidone 3A4

Olanzapine 1A2, 2D6

Paliperidone 3A4, 3A5, 2D6

Perazine —-1A2,3A4, 2C19

Perphenazine 1A2, 3A4, 2B6, 2C8, 2C9, 2C18, 2C19, 2D6

Promazine 1A2, 3A4, 2C9, 2C19, 2D6
Quetiapine 3A4, 3A5,3A7,2C19
Risperidone 3A4, 3A5, 3A7, 2D6
Sertindole 3A4, 2D6

Sulpiride -

Tiapryd -

Ziprasidon 3A4

Zuklopentiksol 3A4, 2D6

Discussion

The highest number of interactions was observed in the case
of antipsychotic connections with beta-blockers. Adverse
effects were due to pharmacokinetic, pharmacodynamic,
or aggregation of side effects. Metoprolol when used in
combination with aripiprazole, clozapine, perphenazine, or
sertindole significantly inhibited the metabolism of antipsy-
chotics at CYP2D6 isoenzyme cytochrome P450. The effect
was an increase in the concentration of antipsychotic in the
blood followed by an increase in the risk of side effects and
toxicity—the occurrence of increased salivation and low-
ering of the seizure threshold in the case of combination
with aripiprazole, myoclonus, and urine retention for clo-
zapine, bradycardia when used together with perphenazine,
and ventricular arrhythmias when metoprolol combined
with sertindole. Patients using concomitantly chlorprotix-
ene with metoprolol or nebivolol showed hypotonia. The
mechanism of these interactions most probably consisted
in intensification of the hypotensive effect of beta-blockers
by chlorprothixene—antipsychotic having an a-blocking
effect. The combination of another beta-blocker, atenolol,
and risperidone caused one patient to develop atrial fibril-
lation—as a possible mechanism, the aggravation of the
side effects of both drugs was identified. The analogous

@ Springer



358

M. Siwek et al.

mechanism was probably responsible for the ventricular
arrhythmias observed in three patients using ziprasidone and
sotalol, which, in one case, resulted in death of the patient.
So far, none of the above-mentioned interactions between
beta-blockers and antipsychotics have been described in the
literature.

Among the interactions of drugs from the group of cal-
cium channel blockers (CCBs) with antipsychotics, there
were two cases of haloperidol interactions in people using
either amlodipine or lercanidipine. The source of these inter-
actions was probably the inhibition of the metabolism of
CCB by haloperidol—a drug that inhibits the activity of,
among others, CYP 3A4 isoenzyme. Hence, the effect of the
interaction was the severity of CCB activity and the occur-
rence of hypotension. There were two cases of interactions
involving diltiazem. When this medicine was combined with
quetiapine, the patient developed blurred vision, collapse
with subsequent fracture of the femoral neck. In another
patient, the interaction between diltiazem and sertindole
was probably responsible for the occurrence of ventricular
arrhythmias. For both of these interactions, the proposed
mechanism is the diltiazem inhibitory effect on CYP 3A4
and, consequently, the fall in the metabolism of quetiapine
and sertindole. The analogous mechanism most likely under-
lies another interactions described by us—verapamil with
quetiapine. With high probability, inhibition of quetiapine
metabolism by verapamil led to the patient’s restless legs
syndrome. In case of the next interaction of verapamil, this
time with risperidone, it was likely that the side effects of
both drugs were combined and bradycardia was induced.

In the anti-arrhythmic drug group belonging to the Ic and
III groups according to Williams, there were six cases of
interactions involving amiodarone. In case of the drug inter-
action with aripiprazole or clozapine, amiodarone inhibited
that CYP 2D6 activity was likely and consequently antipsy-
chotic metabolism was inhibited, resulting in extrapyrami-
dal symptoms, akathisia, and tremor (for aripiprazole) and
salivation, akathisia, tremor, hyperthermia (for clozapine).
One case of a 75-year-old patient suffering from schizo-
phrenia has been described so far, in which an increase of
clozapine serum concentration of 6.5 times was observed
after the addition of amiodarone to clozapine [14]. The
patient denied the symptoms of excessive sedation, while
he presented increased formal thinking disorders. We also
described two interactions of amiodarone, the mechanism of
which was probably the sum of side effects of drugs in the
form of conductive disorders—the combination of this drug
with ziprasidone or asenapine resulted in the occurrence of
ventricular arrhythmias.

The observed interactions of propafenone probably resulted
from inhibition of cytochrome P450 isoenzymes by this anti-
arrhythmic drug. The combination with clozapine resulted in
the inhibition of this drug metabolism at the CYP1A2 level

@ Springer

and the occurrence of intense salivation in the patient. We
have described three interactions of propafenone with olan-
zapine, which seems to be supported by propafenone inhibi-
tion of CYP1A2 and CYP2D6 isoenzymes, which resulted in
gynecomastia, galactorrhea, akathisia, and priapism. Another
anti-arrthythmic drug which, in combination with olanzapine,
caused one patient pancreatitis is flecainide. The inhibition of
CYP2D6 isoenzyme by flecainide is also a probable mecha-
nism here.

Among the interactions of antipsychotics and statins
described by us, the majority was most likely caused by the
effect of inhibiting statin metabolism or competition for the
same isozyme metabolizing both drugs, and consequently
escalating the level of serum statin and undesirable effects on
the part of the muscular system. Drugs affecting the metabo-
lism of atorvastatin were: haloperidol, quetiapine, risperidone,
and simvastatin quetiapine and risperidone. Noteworthy is
one case of interaction between atorvastatin and quetiapine,
where the inhibitory effect of statin on CYP3A4 and quetia-
pine metabolism led to edema of the lower limbs. To date, one
case of a 22-year-old schizophrenic patient has been described,
in which the addition of simvastatin to risperidone therapy
induced a high level of serum statin followed by rhabdomy-
olysis and a syndrome of the fascia compartments in the lower
limb [15]. The authors concluded that the potential mechanism
of interaction could be the competition of both drugs for the
active site of the CYP3A4 isoenzyme, which participates in
the metabolism of both drugs.

We described two cases of interaction with ivabradine, with
quetiapine and clozapine, where most likely due to competi-
tion for the same isoenzyme (CYP3A4), the metabolism of
antipsychotics was inhibited. This was associated with the
occurrence of fever in a patient using clozapine and blurred
vision, collapse, and consequent fracture of the femoral neck
in a person taking quetiapine. Furthermore, summation of the
alpha-blocker effect of doxazosin with pernazine, promazin,
or risperidone was associated with the occurrence of hypoten-
sion, sometimes additionally with dizziness and falls. Simi-
larly, in the case of combination of risperidone with clozapine,
aggravation of side effects in one patient triggered hypoten-
sion. An analogous mechanism was probably responsible for
the occurrence of atrial fibrillation in a patient treated with
risperidone and losartan. It is worth noting that in addition to
the two clinical cases mentioned in the discussion, the interac-
tions of cardiac drugs with antipsychotics collected by us have
not been described in the literature, to our knowledge.

Conclusions

As mentioned in the introduction, due to the co-existence
of mental diseases such as bipolar disorder and schizophre-
nia with cardiovascular disease, the use of antipsychotic
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polytherapy with cardiac drugs is a frequent phenomenon.
Based on our analysis, it can be concluded that while using
cardiovascular medication with antipsychotics, particular
attention should be paid to the high risk of interaction and
the resulting side effects. Clinical decisions should be asso-
ciated with the search for optimal, as safe as possible, drug
combinations.
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