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Abstract

Introduction Both the induction and inhibition of cytochrome P450 are associated with multiple pharmacological interac-
tions, which can lead to loss of efficacy or increase the risk of adverse drug reactions.

Objective The aim was to determine the prescription patterns of cytochrome P450-inducing and -inhibiting drugs and their
contraindicated and major pharmacological interactions in a group of patients from Colombia.

Methods This cross-sectional observational study included patients who received drugs that induce or inhibit metabolism
and examined their contraindicated and major pharmacological interactions. The patients were identified from a population-
based database of drug dispensing. Patients were included between December 1 and December 31, 2021. Inhibitors and
inducers of cytochrome P450 were classified based on FDA (Food and Drug Administration) guidelines. Drug interactions
were identified using the Micromedex® database. Descriptive, bivariate and multivariable analysis was performed.
Results A total of 63,433 patients were analyzed. Antiseizure medications (35.9%) and antifungals (27.6%) were the most
used inducers and inhibitors. A total of 30.1% of patients had potential contraindicated or greater interactions. The follow-
ing factors were associated with a higher probability of presenting a potential pharmacological interaction: being male (OR
1.14;95% CI 1.10-1.19), aged 18-39 years (OR 1.77; 95% CI 1.67-1.89) or 40-64 years (OR 1.64; 95% CI 1.56-1.72),
having neurological diseases (OR 1.28; 95% CI 1.21-1.35), having psychiatric diseases (OR 3.84; 95% CI 3.58—4.13), having
rheumatologic diseases (OR 1.32; 95% CI 1.23-1.41), receiving comedications with statins (OR 1.14; 95% CI 1.08-1.19),
receiving comedications with analgesics (OR 1.33; 95% CI 1.27-1.38), receiving comedications with antiparasitics (OR
2.88;95% CI 2.66-3.11) and an increase in the number of medications (OR 1.24; 95% CI 1.23-1.25).

Conclusion Among the users of cytochrome P450 inhibitors and inducers, potential contraindications and greater interactions
are very common, especially in men under 65 years of age with comorbidities and polypharmacy.

1 Introduction

> Jorge Enrique Machado-Alba

Medications play an important role in the prevention of
machado@utp.edu.co

diseases and in the promotion, maintenance and recovery
of the health of the patient, thus contributing to improving
quality of life and increasing life expectancy [1]. Despite
these benefits, problems related to the use of medications are
increasingly frequent and involve inadequate prescriptions,
adverse drug reactions and pharmacological interactions [1].
Pharmacological interactions are understood as the change
in the effect of a drug as a result of the association with
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one or more drugs, which can generate adverse reactions
or therapeutic failure [2]. It has been documented that the
prevalence of adverse drug reactions as a result of drug—drug
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Key Summary Points

The prevalence of users with inhibitors was 26.5 per
1000 people with drug dispensing and the prevalence of
users with inducers was 15.1 per 1000 people with drug
dispensing.

Potential drug interactions occurred in almost a third of
patients and the prevalence was 12.4 per 1000 people
with drug dispensing.

Possible drug interactions were predominant in patients
receiving antiseizure medications (39.7%) and antifungal
medications (31.5%).

interactions ranges between 1.2% and 64.0% [1], thus indi-
cating that it is an important cause of hospitalization and
deaths related to the use of medications [3].

The cytochrome P450 family of enzymes is the most
important enzymatic system that catalyzes the phase 1
metabolism of pharmaceutical products and other xenobi-
otics, such as herbal substances and toxic compounds, in
the environment [4-6]. To date, 57 genes encoding different
isoforms of cytochrome P450 have been identified [S]. Most
of the drugs approved by the US Food and Drug Administra-
tion (FDA) are metabolized mainly by CYP3A4, followed
by CYP2D6, CYP2C8, CYP2C19, CYP2C9, CYP2B6 and
CYP1A1/2 [3, 5]. The main mechanisms that cause clini-
cally significant pharmacokinetic interactions between
drugs are the inhibition and induction of cytochrome P450
[3, 4, 6]. Its inhibition can lead to adverse drug reactions by
increasing the serum concentrations of the drug adminis-
tered concomitantly, while its induction could significantly
reduce the efficacy of some treatments by decreasing the
serum concentrations of the drug [2, 3, 5].

According to the FDA, some medications, such as antisei-
zure medications, antiretrovirals, oncologicals, immunosup-
pressants, antifungals, macrolides, nondihydropyridine cal-
cium channel blockers and antituberculous agents, among
others, inhibit or induce cytochrome P450 [7]. However,
there are no pharmacoepidemiologic studies on patterns
of use and pharmacological interactions involving differ-
ent inducers and inhibitors. There are studies on specific
drugs but no studies including all or most of these drugs.
The Colombian Health System offers universal coverage
to the entire population through two affiliation regimes
that have a similar gender and age distribution: the con-
tributory system that is paid by workers and employers
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(n = 22,757,343; 46.6%) and the subsidized system that is
responsible for the insurance of all people without the ability
to pay (n = 26,082,344; 53.4%) [8] and includes a benefit
plan that involves a large number of drugs that may have
inhibitory and metabolism-inducing properties. The objec-
tive of this study was to determine the prescription patterns
of cytochrome P450-inducing and -inhibiting drugs and their
contraindicated and major pharmacological interactions in a
group of patients from Colombia.

2 Materials and Methods
2.1 Study Design and Patients

A cross-sectional observational study was conducted to
establish the prescription patterns of drugs with potent and
moderate inducing and inhibiting properties of cytochrome
P450 and potential contraindicated and major pharmacologi-
cal interactions in outpatients. The subjects were identified
from a population database of drug dispensing that collects
information from approximately 9.5 million people affili-
ated with the Colombian Health System across five health
insurance companies (Salud Total, Nueva EPS, Mutual Ser,
Compensar and Coomeva), corresponding to approximately
19.5% of the Colombian population, including 29.2% (6.6
million) of the individuals in the contributory or health
care system and 11.1% (2.9 million) of the individuals in
the state-subsidized system. The drug dispensing database
contains sociodemographic variables (age, sex, city of dis-
pensing and affiliation regime), pharmacological variables
(medication, pharmaceutical form, dose and prescribing
physician) and primary and secondary diagnoses [9, 10].
This database is the most widely used source of secondary
information for studies with evidence in the real world in
Colombia, which allows research on the use and safety of
medications [10]. To date, more than 200 investigations have
been carried out and published [9].

Patients were included if they were prescribed drugs with
potent and moderate inducing and inhibiting properties of
cytochrome P450 between December 1 and 31 of 2021.
Patients of any sex, aged 18 years or older, seen in medical
consultation were selected. Patients with incomplete infor-
mation were excluded.

2.2 Variables

Based on the information on drug consumption of the affili-
ated population that was systematically obtained by the dis-
pensing company (Audifarma SA), a database was designed
that allowed the following groups of patient variables to be
collected:
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1. Sociodemographic: age, sex, affiliation regime to the
health system (contributory or subsidized) and origin.
The place of origin was categorized according to the
regions of Colombia, taking into account the classifi-
cation of the National Administrative Department of
Statistics—DANE of Colombia, as follows: Bogota-
Cundinamarca region, Caribbean region, Central region,
Eastern region, Pacific region and Amazonia-Orinoquia
region.

2. Chronic pathologies: identified from the main and sec-
ondary diagnoses reported by the International Classi-
fication of Diseases, 10th version (ICD-10) codes of the
selected patients from October 1 to December 31, 2021.
They were categorized into cardiovascular, respiratory,
digestive, rheumatological, neurological, psychiatric and
endocrine disorders (Supplementary Table 1, see elec-
tronic supplementary material [ESM]).

3. Inhibitors and inducers of cytochrome P450: classified
based on FDA guidelines [7] (Supplementary Table 2,
see ESM). They were grouped into antiseizure medica-
tions, antifungals, antihypertensives, antiarrhythmics,
immunosuppressants, macrolides, antiretrovirals, onco-
logicals, drugs for pulmonary hypertension, antituber-
culosis drugs, psychostimulants, antiemetics and drugs
for cystic fibrosis (Supplementary Table 3, see ESM).

4. Relevant pharmacological interactions: classified by
their severity according to the Micromedex® database.
Contraindicated interactions (do not use simultaneously)
and major interactions (may cause death or require med-
ical intervention to minimize or avoid serious adverse
effects) were evaluated [11].

5. Type of prescriber: general practitioner, medical spe-
cialties (internal medicine, pediatrics, among others),
surgical specialties (general surgery, orthopedics, among
others) and dentistry.

6. Number of medications: categorized into polypharmacy
(5-9 medications), excessive polypharmacy (10-19
medications) and extreme polypharmacy (20 or more
medications) [12, 13].

7. Comedications grouped into the following categories:
(a) antidiabetics, (b) antihypertensives and diuretics, (c)
lipid-lowering drugs, (d) antiulcers, (e) antidepressants,
(f) analgesics and anti-inflammatories, (g) antipsychot-
ics, (h) antiseizure medications, (i) antihistamines, (j)
antiparkinsonian drugs, (k) antidementia medications,
(1) micronutrients, (m) antiparasitics and (n) anxiolytics.

2.3 Ethics Statement

The protocol was endorsed by the Bioethics Committee of
the Technological University of Pereira under the category
of ‘research without risk’ (approval code or number of the
certification: CBE.48-280621. Date: July 2, 2021). The

principles of confidentiality of information established by
the Declaration of Helsinki were respected.

2.4 Data Analysis

The data were analyzed with the statistical package SPSS
Statistics, version 26.0 for Windows (IBM, USA). Descrip-
tive analysis was performed with frequencies and propor-
tions for the qualitative variables and measures of central
tendency and dispersion for the quantitative variables
through medians and interquartile ranges (IQRs). Preva-
lences of users of inhibitors or inducers and of users with
drug interactions were determined for every 1000 people
with drug dispensing. The comparison of quantitative vari-
ables was performed using the Mann—Whitney U test, and X?
or Fisher’s exact test for categorical variables. An explora-
tory multivariable analysis was performed using binary
logistic regression. The dependent variable was relevant
pharmacological interactions (contraindicated and major)
(yes/no). The independent variables (covariates) (candidates
to be part of the logistic regression) were those that showed
statistical significance with the dependent variable in the
bivariate analyses as well as those with sufficient plausibility
or reported association (e.g., sex and age). The intro method
was used to select the variables. A p-value <0.05 indicated
statistical significance.

3 Results

During the month of December, 2021, 1,535,488 peo-
ple aged >18 years had prescribed medication (62.9%
were women, the median age was 61 years [IQR 35-68]
and 67.7% were affiliated to the contributory regime). Of
these patients, 4.1% (n = 63,433) were prescribed a drug
with properties to either inhibit or induce cytochrome
P450, distributed over 189 different cities. A total of 63.1%
(n = 39,997) of the patients were women, and the median
age was 61.0 years (range: 19.0-105.0). A total of 20.2%
(n = 12,841) were <40 years of age, 37.6% (n = 23,858)
were between 40-64 years and 42.1% (n = 26,734) were
65 years or older. The majority of patients were in the
Caribbean region (n = 27,747; 43.7%). A total of 65.3%
(n = 41,447) were affiliated with the contributory regime of
the Colombian Health System, and 34.7% (n = 21,986) were
affiliated with the subsidized regime (Table 1).
Cardiovascular diseases were the most prevalent
(n =29,282; 46.2%) in this group of patients, followed by
endocrine (n = 18,637; 29.4%), neurological (n = 11,296;
17.8%), rheumatological (n = 4622; 7.3%) and psychiatric
diseases (n = 4228; 6.7%). Most cases were being managed
by general practitioners (n = 60,182; 94.9%), and the median
number of medications prescribed per patient was 5.0 (IQR:
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3.0-8.0). A total of 55.3% (n = 35,080) of patients had five
or more medications, of which antihypertensives and diuret-
ics (n = 30,384; 47.9%), lipid-lowering drugs (n = 24,444;
38.5%) and analgesics predominated (n = 21,120; 33.3%)
(Table 1).

Forty-four different drugs that induce or inhibit
cytochrome P450 were identified. Inhibitors were pre-
scribed to 64.4% (n = 40,744) of patients, most of which
were moderate (n = 36,492; 57.4% of all subjects with
inducing or inhibiting drugs) rather than potent (n = 4431;
7.0%). Inducers were prescribed to 36.6% (n = 23,233) of
patients, most of which were potent (n = 22,988; 36.2%)
rather than moderate (n = 246; 0.4%). A total of 544
(0.9%) patients received both inducer and inhibitor drugs
simultaneously. The prevalence of users with inhibitors
or inducers per 1000 people with drug dispensing was

26.5 and 15.1, respectively. Verapamil and fluconazole
were the most frequently prescribed inhibitors, while
carbamazepine and phenytoin were the most common
inducers (Table 2). Antiseizure medications were the
most common group of drugs (n = 22,787; 35.9% of all
patients), followed by antifungals (n = 17,519; 27.6%),
antihypertensives (n = 17,386; 27.4%), antiarrhythmics
(n =3294; 5.2%), immunosuppressants (n = 640; 1.0%),
macrolides (n = 1418; 2.2%), antiretrovirals (n = 499;
0.8%), oncological medications (n = 370; 0.6%), medi-
cations for pulmonary hypertension (n = 142; 0.2%),
antituberculosis drugs (n = 49, 0.1%), psychostimulants
(n=25;0.0%), antiemetics (n = 5; 0.0%) and medications
for cystic fibrosis (n = 1; 0.0%).

A total of 26,443 potential drug interactions were iden-
tified in 30.1% of patients (n = 19,086). The prevalence

Table 1 Comparison of some sociodemographic and pharmacological variables according to the prescription of drugs that induce or inhibit

cytochrome P450 in Colombia

Variables Total Inhibitors Inductors Inhibitors—inductors
n = 63433 % n = 40,200 % n=22,689 % n=>544 %
Woman 39,997 63.1 27,246 67.8 12,416 547 335 61.6
Age, median (interquartile range) 61.0 (44.0-73.0) 62.0 (43.0-74.0) 58.0 (44.0-70.0) 67.0 (54.5-77.0)
Origin
Caribbean region 27,147 437 16,094 40.0 11,392 50.2 291 48.0
Pacific region 12,357 19.5 8518 212 3692 16.3 147 27.0
Bogota-Cundinamarca region 12,038 19.0 8376 20.8 3606 159 56 10.3
Central region 9430 149 5995 149 3365 148 70 12.9
Eastern region 1697 2.7 1097 27 590 2.6 10 1.8
Amazon region 164 0.3 120 03 44 02 0 0.0
Comorbidities
Arterial hypertension 28,430 44.8 19,876 494 8267 36.4 287 52.8
Diabetes mellitus 11,692 18.4 7092 17.6 4436 19.6 164 30.1
Hypothyroidism 7253 11.4 4881 12.1 2281 10.1 91 16.7
Epilepsy 6346 10.0 193 0.5 6098 269 55 10.1
Chronic kidney disease 2624 4.1 1982 49 603 27 39 7.2
Number of drugs per patient, median 5.0 (3.0-8.0) 5.0 (3.0-7.0) 5.0 (2.0-8.0) 9.0 (6.0-11.0)
(interquartile range)
No polypharmacy 28,353 447 17,399 433 10,894 48.0 60 11.0
Polypharmacy 26,002 41.0 17,861 44.4 7877 347 264 48.5
Excessive polypharmacy 8743 13.8 4796 119 3743 16.5 204 37.5
Extreme polypharmacy 335 0.5 144 04 175 0.8 16 29
Comedications 55,562 87.6 35,485 88.3 19,547 86.2 530 97.4
Antihypertensives and diuretics 30,384 479 21,074 52.4 8932 39.4 378 69.5
Lipid-lowering 24,444 38.5 16,582 41.2 7554 33.3 308 56.6
Analgesics and anti-inflammatories 21,120 333 12,624 31.4 8223 36.2 273 50.2
Anti-ulcer 17,915 282 11,198 279 6481 28.6 236 434
Micronutrients 13,509 21.3 7859 19.5 5452 24.0 198 36.4
Pharmacokinetic interactions 19,086 30.1 11,420 28.4 7164 31.6 502 92.3
Major 18,679 29.4 11,016 274 7162 31.6 501 92.1
Contraindicated 821 1.3 794 20 3 0.0 24 4.4
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was 12.4 per 1000 people with drug dispensing. Potential
drug interactions predominated in the antiseizure medica-
tions (n = 7576/19,086; 39.7%) group, followed by the
antifungal (n = 6006; 31.5%), antihypertensive (n = 2930;
15.4%), antiarrhythmic (n = 1913; 10.0%) and macrolide
(n = 740; 3.9%) groups. Potential major interactions were
identified in 18,679 patients (29.4% of all patients; preva-
lence 12.2 per 1000 people) and contraindicated in 821
patients (1.3%; prevalence 0.5 per 1000 people). Among
the most common potential major interactions, the asso-
ciation of fluconazole with metronidazole or atorvasta-
tin was found, while the most common contraindicated
interaction was the combination of fluconazole with tra-
zodone or with ketoconazole (Table 3). A total of 34.9%
(n = 5208/14,944) of the patients who were prescribed
fluconazole had some potential pharmacological interac-
tion. Table 2 shows the proportion of potential interac-
tions by type of inhibitory or inducing action of the drug.

3.1 Multivariable Analysis

The binary logistic regression found that male patients,
those under 65 years of age, or those with neurological,
psychiatric or rheumatological pathologies had a higher
probability of potential contraindicated or major phar-
macological interactions. Similarly, patients who were
prescribed cytochrome P450 inhibitors, statins, analge-
sics or antiparasitics and an increase in the number of
medications (24.2% higher risk for each, from two drugs)
were risk factors for a potential contraindicated or major
pharmacological interaction. No variable reduced this risk
(Table 4).

4 Discussion

This analysis revealed potential contraindicated and major
pharmacological interactions in patients treated with
inhibitors and inducers of metabolism. The findings were
based on real-world evidence from a group of patients
affiliated with an insurer of the Colombian Health Sys-
tem. These findings can be useful for health care, academic
and scientific personnel in making decisions regarding the
risks among patients and can contribute to strengthening
the practices of rational use of medications among phy-
sicians as a way to reduce adverse drug reactions in the
country and improve drug safety [14].

The median age of the patients was similar to that found
in other studies on drug interactions (57.3-58.5 years) [15,
16], but differs from other reports in which the average age
was higher (69.0-83.0 years). However, other studies had
only an older adult population in their inclusion criteria

[17-21]. On the other hand, a predominance of women
was found, as identified in all the referenced studies
(54.0-67.6%) [15, 17-20, 22]. Similarly, cardiovascular
comorbidities were common, consistent with the findings
of other studies [15, 18, 19, 21].

Almost one-third of the patients presented some poten-
tial drug interaction that was contraindicated or greater.
However, it was not possible to make a reliable compari-
son with other studies because there were no studies that
used a methodology similar to that used in our analysis.
In has been found that potential drug interactions can
range between 10.8% and 96.0% [15-19, 21, 23, 24]. Due
to the heterogeneity present in the inclusion criteria, the
results may vary based on age, the number of medica-
tions prescribed, the presence or absence of comorbidities,
whether it is an outpatient or hospital prescription [15,
17,18, 21, 23, 24] and the type of database used to iden-
tify and categorize pharmacological interactions [25, 26].
However, comparing our findings with previous reports of
potential drug interactions that are contraindicated (X) or
greater (D) in patients with outpatient prescriptions, the
findings reveal that patients with inducers or inhibitors of
cytochrome P450 have a higher proportion of interactions
(30.1% vs 7.9-15.4%, respectively) [14—16, 23, 27], which
could lead to an increased risk of adverse drug reactions
or therapeutic failures [28].

Antiseizure medications and antifungals were the most
commonly used inducers and inhibitors, respectively, with
the presence of potential interactions in approximately
one-third of them, which is in line with other reports
[29-32]. In the USA, Faught et al. examined patients with
epilepsy and found that in 39.0% of cases, antiseizure med-
ications affected the efficacy of other medications, and in
29.3% of cases, comedications affected the efficacy of the
antiseizure medications [29]. Similarly, in Poland, Bosak
et al., also studied patients with epilepsy and found that
30.1% of them had potential pharmacological interactions
[30]. On the other hand, in the USA, Andes et al. identi-
fied that 87.6% of hospitalized patients who had received
triazoles (itraconazole, voriconazole or posaconazole) had
contraindicated, major or moderate drug interactions [31].
In the United Kingdom, Niazi-Ali et al. examined patients
who received antifungals (including triazoles) and found
interactions occurred in 15.9% of them [32].

It was found that the most common drug—drug interac-
tions were the association of fluconazole with metronida-
zole or with atorvastatin, in contrast with other studies in
which the interaction between ciprofloxacin and metro-
nidazole predominated [23], followed by carbamazepine
with acetaminophen [20], verapamil with atorvastatin [14],
pioglitazone with glimepiride [16] and methotrexate with
nonsteroidal anti-inflammatory drugs [24]. This is probably
due to the different clinical conditions in which the studies
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Table 2 Prescription pattern of drugs with cytochrome P450-inducing and -inhibitory properties and the proportion of relevant pharmacological
interactions in Colombia

Drugs Patients with inhibi-  %* %° Prevalence® Patients with %4 Prevalence®
tors or inducers interactions

Cytochrome P450 inhibitors 40,744 64.4 100.0 26.5 12,225 30.0 8.0
Verapamil™ 15,542 24.5 38.1 10.1 1774 11.4 1.2
Fluconazol™ 14,944 23.6 36.7 9.7 5208 349 34
Amiodarone™ 3246 5.1 8.0 2.1 1880 57.9 1.2
Ketoconazole® 2586 4.1 6.3 1.7 893 34.5 0.6
Diltiazem™ 1855 2.9 4.6 1.2 1162 62.6 0.8
Clarithromycin® 1274 2.0 3.1 0.8 698 54.8 0.5
Ciclosporin™ 640 1.0 1.6 0.4 356 55.6 0.2
Darunavir® 231 0.4 0.6 0.2 44 19.0 <0.1
Erythromycina™ 144 0.2 0.4 0.1 42 29.2 <0.1
Cobicistat® (associated") 125 0.2 0.3 0.1 25 20.0 <0.1
Imatinib™ 99 0.2 0.2 0.1 13 13.1 <0.1
Itraconazole® 90 0.1 0.2 0.1 22 244 <0.1
Nilotinib™ 68 0.1 0.2 <0.1 14 20.6 <0.1
Dronedarona™ 48 0.1 0.1 <0.1 33 68.8 <0.1
Darunavir/ritonavir® 46 0.1 0.1 <0.1 5 10.9 <0.1
Ribociclib™ 42 0.1 0.1 <0.1 1 24 <0.1
Darunavir/cobicistat® 26 0.0 0.1 <0.1 12 46.2 <0.1
Voriconazole® 18 0.0 0.0 <0.1 13 72.2 <0.1
Posaconazole® 16 0.0 0.0 <0.1 7 43.8 <0.1
Ritonavir® 12 0.0 0.0 <0.1 6 50.0 <0.1
Atazanavir/ritonavir® 11 0.0 0.0 <0.1 11 100.0 <0.1
Lopinavir/ritonavir® 6 0.0 0.0 <0.1 3 50.0 <0.1
Aprepitant™ 5 0.0 0.0 <0.1 0 0.0 <0.1
Atazanavir® 3 0.0 0.0 <0.1 1 333 <0.1
Crizotinib™ 2 0.0 0.0 <0.1 2 100.0 <0.1
Isavuconazol™ 2 0.0 0.0 <0.1 0 0.0 <0.1

Cytochrome P450 inducers 23,233 36.6 100.0 15.1 7872 33.9 5.1
Carbamazepine® 18,874 29.8 81.2 12.3 6668 353 4.3
Phenytoin® 2634 4.2 11.3 1.7 759 28.8 0.5
Phenobarbital® 1667 2.6 7.2 1.1 348 20.9 0.2
Bosentan™ 142 0.2 0.6 0.1 26 18.3 <0.1
Enzalutamide® 102 0.2 0.4 0.1 23 22.5 <0.1
Rifampicin® (alone or associated) 49 0.1 0.2 <0.1 16 32.7 <0.1
Apalutamide® 48 0.1 0.2 <0.1 4 8.3 <0.1
Etravirina™ 42 0.1 0.2 <0.1 14 333 <0.1
Modafinil™ 25 0.0 0.1 <0.1 1 4.0 <0.1
Primidone® 18 0.0 0.1 <0.1 4 22.2 <0.1
Efavirenz™ (alone or associated?) 31 0.0 0.1 <0.1 9 29.0 <0.1
Dabrafenib™ 7 0.0 0.0 <0.1 0 0.0 <0.1
Mitotan® 2 0.0 0.0 <0.1 0 0.0 <0.1
Lumacaftor/ivacaftor® 1 0.0 0.0 <0.1 0 0.0 <0.1

*Strong; "Moderate; 1Tenofovir/emtricitabine/clvitegravir; 2Tenofovir/emtricitabine or lamivudine

*Percentage of patients with inhibitors or inducers calculated on total number of people (n = 63,433)

bPf:rcentage of patients with inhibitors or inducers calculated on all inhibitors (n = 40,744) or inducers (n = 23,233)
“Prevalence per 1000 people with medication dispensing

4Percentage of patients with interactions calculated on the totality of each inhibitor or inducer
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Table3 Most frequent relevant pharmacological interactions in
patients who received inducers and/or inhibitors of cytochrome P450
in Colombia

Interactions n %* Prevalence®

Major 18,679 100.0 122
Fluconazole—Metronidazole 1661 8.9 1.1
Fluconazole—Atorvastatin 1467 7.9 1.0
Amiodarone—Carvedilol 1146 6.1 0.7
Diltiazem—Atorvastatin 808 43 05
Carbamazepine—Sertraline 735 39 05
Carbamazepine—Tramadol 701 38 05
Carbamazepine—Quetiapine 683 37 04
Carbamazepine—Trazodone 649 35 04
Carbamazepine—Codeine 603 32 04
Carbamazepine—Fluoxetine 490 26 03
Carbamazepine—Clonazepam 489 26 03
Carbamazepine—Nimodipine 458 25 03
Carbamazepine—Linagliptin 448 24 03
Fluconazole—Ciprofloxacin 435 23 03
Carbamazepine—Dexamethasone 420 22 03

Contraindicated 821 100.0 0.5
Fluconazole—Trazodone 167 203 0.1
Fluconazole—Ketoconazole 135 164 0.1
Fluconazole—Quetiapine 123 150 0.1
Verapamil—Colchicine 76 9.3 <0.1
Clarithromycin—Colchicine 35 43 <0.1
Ketoconazole—Ergotamine 33 40 <0.1
Amiodarone—Colchicine 29 35 <0.1
Ketoconazole—Nimodipine 26 32 <0.1
Fluconazole—Domperidone 21 26 <0.1
Clarithromycin—Fluconazole 15 1.8 <0.1
Fluconazole—Clozapine 15 1.8 <0.1
Ketoconazole—Trazodone 13 1.6 <0.1
Diltiazem—Colchicine 10 1.2 <0.1
Fluconazole—Mirtazapine 9 1.1 <0.1
Ketoconazole—Colchicine 9 1.1 <0.1

*Percentage calculated on the number of patients with major or con-
traindicated interactions

Prevalence per 1000 people with medication dispensing

were developed, the inclusion criteria that were used, and the
availability of the drugs in each country [14, 16, 20, 23, 24].
The simultaneous use of fluconazole with metronidazole can
increase the risk of QT interval prolongation and generate
arrhythmias, while the simultaneous prescription of flu-
conazole and atorvastatin can lead to an increase in the risk
of myopathy and rhabdomyolysis when these interactions
occur. Patients may require some medical intervention to
minimize or avoid serious adverse effects or even death [11].

Different variables related to increasing the risk of poten-
tial drug interactions were found. In this analysis, it was

found that men had a higher risk, consistent with what was
previously found in Colombia [14] and in China [16], which
contrasts with other publications in which there were no sig-
nificant differences between the sexes [17, 22, 29]. Several
studies have found that the risk of interactions increases with
increasing age [14, 16—18, 22]. However, in this report, it
was found that those under 65 years of age were at higher
risk. This is probably because many of the inhibitors or
inducers of cytochrome P450 are widely used in adolescence
or adulthood and can even be considered potentially inap-
propriate prescriptions in elderly individuals, as is the case
for some calcium channel blockers, antiarrhythmics, barbi-
turates and antiseizure medications [33]. On the other hand,
it has been described that various cardiovascular diseases
[18, 21], endocrine diseases [14, 21] and psychiatric diseases
[22, 27] increase the risk of interactions, which is consistent
with some results found in this report. Similarly, the increase
in the number of medications increased the probability of
drug—drug interactions, which is consistent with other stud-
ies [16—18, 21, 22, 27]. Among the most involved therapeu-
tic groups were statins, analgesics and antiparasitics, due
to their wide use [14, 34, 35] and their hepatic metabolism
[36].

Some limitations are recognized in the interpretation of
certain results. There was no access to medical records to
identify the true adherence of patients who were receiv-
ing these medications. Additionally, some drugs could
be acquired outside the health system (that is, medicines
paid for with their own money and not acquired through
the contributory/subsidized regime), but the proportion of
patients who do so is very low, and herbal substances are
not reported in the drug dispensing database on which the
study was based. Additionally, only the potential risk of
producing an adverse reaction or a reduction in efficacy as
a result of a risk interaction could be considered. Finally,
one of the main limitations of cross-sectional studies is that
they do not allow a clear time sequence to be determined
between the dependent variable and the independent vari-
ables (covariates). This is because the measurement of both
types of variables is done simultaneously. However, they
provide preliminary evidence on associations between vari-
ables. Among the strengths of the study is the large number
of patients and their extensive distribution throughout the
country. The database covers the dispensations of all the
users made by the different ambulatory medical institutions.
It is necessary to conduct other studies aimed at the early
identification of adverse reactions, as well as to evaluate
strategies that avoid risky pharmacological interactions, thus
preventing unwanted outcomes in patients.
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Table 4 Binary logistic regression on the variables related to the presence of contraindicated or major pharmacological interactions among users
of inhibitors and inducers of cytochrome P450 in Colombia

Variables cOR 95% CI p-Value aOR 95% CI p-Value
Lower Upper Lower Upper
Male (yes/no) 1.016 0.981 1.052 0.385 1.148 1.104 1.194 <0.001
Age >65 years 1.023 0.988 1.058 0.200 Ref. Ref. Ref.
Age 18-39 years 0.830 0.795 0.866 <0.001 1.778 1.670 1.894 <0.001
Age 40-64 years 1.107 1.069 1.146 <0.001 1.643 1.569 1.720 <0.001
Bogota-Cundinamarca region (yes/no) 0.864 0.827 0.903 <0.001 0.999 0.952 1.049 0.964
Cardiovascular disorders (yes/no) 1.312 1.268 1.358 <0.001 0.975 0.932 1.020 0.269
Neurological disorders (yes/no) 1.181 1.131 1.233 <0.001 1.283 1.215 1.354 <0.001
Rheumatologic disorders (yes/no) 2.066 1.945 2.195 <0.001 1.324 1.235 1.419 <0.001
Psychiatric disorders (yes/no) 4.028 3.777 4.296 <0.001 3.847 3.583 4.131 <0.001
Medication quantity (continued) 1.233 1.227 1.240 <0.001 1.242% 1.234 1.251 <0.001
Cytochrome inhibitors (yes/no) 0.896 0.865 0.929 <0.001 1.079 1.033 1.128 0.001
Statins (co-medication) (yes/no) 1.641 1.585 1.699 <0.001 1.142 1.089 1.197 <0.001
Opioid and non-opioid analgesics (co- 2213 2.137 2.293 <0.001 1.331 1.277 1.388 <0.001
medication) (yes/no)
Antiparasitics (co-medication) (yes/no) 2.498 2.331 2.677 <0.001 2.883 2.667 3.117 <0.001

aOR adjusted odds ratio; CI confidence interval; cOR crude odds ratio; Ref. reference

424.2% higher risk for each drug, from two drugs

5 Conclusions

This study identified potential risk interactions with other
drugs in users of inhibitors and inducers of cytochrome
P450, as well as their classification, in a population in
Colombia. The results revealed that these interactions are
more frequent in men, in patients younger than 65 years, in
patients with comorbidities, and in patients with a greater
number of medications, especially statins, analgesics and
antiparasitics. The results of this study will allow us to
review the treatment approaches of patients with a higher
risk of interactions and thus use pharmacovigilance strate-
gies to implement interventions to reduce the rate of such
interactions.
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