PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Castro-Granell V, Garin N, Jaén A, Cenoz
S, Galindo MJ, Fuster-RuizdeApodaca MJ (2021)
Prevalence, beliefs and impact of drug-drug
interactions between antiretroviral therapy and illicit
drugs among people living with HIV in Spain. PLoS
ONE 16(11): e0260334. https:/doi.org/10.1371/
journal.pone.0260334

Editor: Carlo Torti, University "Magna Graecia" of
Catanzaro, ITALY

Received: May 31, 2021
Accepted: November 8, 2021
Published: November 19, 2021

Copyright: © 2021 Castro-Granell et al. This is an
open access article distributed under the terms of
the Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: Data are available at
DOI: 10.6084/m9.figshare.14481186.

Funding: This study was funded by ViiV Healthcare
(www.viivhealthcare.com) (grant n”: 001/2016),
and ViiV Healthcare was involved in the study
design and preparation of the manuscript, without
influencing the data collection and analysis or the
decision to publish.

Competing interests: SC is employed full time in
ViiV Healthcare. MJF-R is the Executive Director of

RESEARCH ARTICLE

Prevalence, beliefs and impact of drug-drug
interactions between antiretroviral therapy
and illicit drugs among people living with HIV
in Spain

Vanessa Castro-Granell 2%, Noé Garin®*°, Angeles Jaén®, Santiago Cenoz’, Maria
José Galindo®®°, Maria José Fuster-RuizdeApodaca®1°

1 Doctoral Programme in Pharmacy, Granada University, Granada, Spain, 2 Department of Pharmacy,
Hospital Marina Baixa, Villajoyosa, Alicante, Spain, 3 Department of Pharmacy, Hospital Santa Creu i Sant
Pau, Universitat Autdnoma de Barcelona, Barcelona, Spain, 4 Instituto de Salud Carlos Ill, Centro de
Investigacion Biomédica en Red de salud Mental (CIBERSAM), Madrid, Spain, 5 School of Health Science
Blanquerna, Universitat Ramon Llull, Barcelona, Spain, 6 Research Unit, Fundacié Docéncia i Recerca
Mutua Terrassa, Terrassa, Universidad de Barcelona, Barcelona, Spain, 7 Medical Department, ViiV
Healthcare, Tres Cantos, Madrid, Spain, 8 Spanish Interdisciplinary AIDS Society (Sociedad Espariola
Interdisciplinaria del Sida, SEISIDA), Madrid, Spain, 9 Department of Infectious Diseases, Hospital Clinico
Universitario, Valencia, Spain, 10 Department of Social and Organizational Psychology, Universidad
Nacional de Educacion a Distancia (UNED), Madrid, Spain

* vanemcg @ hotmail.com, castro_van@gva.es

Abstract

Drug use implies important challenges related to HIV management, particularly due to an
increased risk of potential interactions between antiretroviral therapy (ART) and illicit drugs
(pDDls). This study analyses the prevalence and severity of pDDIs among people living with
HIV (PLHIV). It also explores their awareness of pDDIs and their beliefs about the toxicity
that they may cause, as well as the impact of pDDIs on selected health variables. We con-
ducted an on-line cross-sectional survey across 33 Spanish hospitals and NGOs to collect
demographics and clinical data. pDDIs were checked against the Interaction Checker devel-
oped by Liverpool University. The sample of the present study was composed of 694 PLHIV
who used illicit drugs. They represented 49.5% of the 1,401 PLHIV that participated in the
survey. After excluding 38 participants due to lack of information on their ART or illicit drug
use, 335 (51.1%) participants consuming drugs presented with some potentially significant
pDDlIs between their ART and illicit drugs, with a mean of 2.1+1.7 (1—10) pDDIs per patient.
The drugs most frequently involved in pDDIs were cocaine, cannabis, MDMA and nitrates
("poppers"). The prevalence of pDDlIs across ART regimens was: protease inhibitors
(41.7%); integrase inhibitor-boosted regimens (32.1%), and non-nucleoside reverse tran-
scriptase inhibitors (26.3%). An awareness of pDDIs and beliefs about their potential toxicity
correlated positively with intentional non-adherence (p<0.0001). Participants with pDDls
exhibited a higher prevalence of intentional non-adherence (2.19+1.04 vs. 1.93+0.94; p=
0.001). The presence of pDDIs was not associated with poorer results in the clinical vari-
ables analysed. A significant proportion of PLHIV who use drugs experience pDDls, thereby
requiring close monitoring. pDDIs should be considered in the clinical management of HIV
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patients. Adequate information about pDDIs and indicators about how to manage ART
when PLHIV use drugs could improve ART non-adherence.

Introduction

There are currently 38 million people living with HIV (PLHIV) worldwide, of whom 67% have
access to antiretroviral therapy (ART) [1]. In Spain, the prevalence of PLHIV is estimated at
around 0.3% in the general population. Over 90% of them are on ART [2]. In most developed
countries, where these treatments are widely available, combined ART has resulted in
increased life expectancy among PLHIV [3-6] and in the chronification of the infection.
Despite the success of highly active ART, new challenges have arisen that could lead to treat-
ment failure. Prominent among such challenges is the appearance of interactions between
ART drugs and medications or illicit drugs taken concomitantly with them.

ART agents pose a high risk for potential drug-drug interactions (pDDIs) mainly induce,
inhibit, or are a substrate of P450 cytochrome enzymes, particularly isozyme CYP3A4 [7-9].
These common metabolic pathways may lead to pDDIs in PLHIV who use illicit drugs and are
on ART. However, while the prevalence of pDDIs associated to medication used concomi-
tantly with ART because of associated comorbidities has been well described, with reported
rates ranging between 34.9% and 89.2% [3, 10-13] there is still a dearth of data on pDDIs
between ART drugs and illicit drugs [14-17].

It should also be considered that not all ART or illicit drugs are associated with a high risk
of pDDIs. Certain ARTs, such as boosted-protease inhibitor-based regimens (bPIs), some non-
nucleoside/nucleotide reverse transcriptase inhibitors (NNRTTIs), and the co-formulation
including elvitegravir/cobicistat, which belong to the boosted integrase strand transfer inhibitor
(INSTT) therapeutic group, may induce or inhibit the metabolism of drugs taken concomitantly
[14]. Conversely, nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs), NNRTTIs such
as etravirine, doravirine and rilpivirine, non-boosted INSTI like raltegravir, dolutegravir, bicte-
gravir and cabotegravir, and the fusion inhibitor maraviroc are characterised by a low pDDIs
potential and are considered safer for concomitant use with illicit drugs [8, 14, 18]. Moreover,
illicit drugs are also characterised by a variable risk of pDDIs. Cannabis, opioids, and nitrates
seem to present with a low pDDIs potential with ART drugs [19], while GHB/GBL, ketamine,
MDMA, methamphetamines and mephedrone are associated with a higher potential.

According to the results of our previous research [20], the prevalence of illicit drug use
among PLHIV is considerable in Spain, exceeding 50% in men who have sex with men
(MSM). PLHIV who use illicit drugs may be classified into four clear epidemiological patterns
of consumption [20]. The first two, comprised mostly of heterosexuals (HTX), tend to con-
sume traditional drugs such as heroin, exhibit poorer adherence to ART, and display worse
health outcomes. The other two, made up mostly of MSM, tend to consume recreational
drugs, show a high rate of polydrug use, and present with an increased risk of sexually trans-
mitted infections (STIs). These patterns of consumption shown by PLHIV who use illicit
drugs may be associated with various pDDIs risk patterns. This has scarcely been explored in
the literature, yet it could be instrumental in helping to predict which consumption patterns
may be related with a higher prevalence of pDDIs, thereby allowing greater anticipation and
more effective ART planning to prevent therapeutic failure.

pDDIs may have important clinical consequences in the context of patients on ART who
use illicit drugs. Firstly, it may boost the toxicity of illicit drugs and/or decrease the efficacy of
the medications involved, which could result in treatment failure and in the exhaustion of
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therapeutic options [16, 19, 21]. Also, induction of the metabolism of illicit drugs may inhibit
their "desired" effect, thus setting off a cycle whereby users are driven to combine a greater num-
ber of substances, increase the dose of the drugs consumed, or even resort to the parenteral route
to bypass the first pass mechanism associated with the oral route, achieving the desired rush at the
expense of higher and more unpredictable toxicity risks [14, 16]. Some published studies have
reported serious or even lethal pDDIs between illicit drugs and ART [14, 16, 17, 22-24].

Furthermore, pDDIs have been found to be related to a decreased adherence to ART.
PLHIV who use drugs may deliberately stop taking their medication when consuming alcohol
or drugs, believing that this could protect them from interaction-derived toxicity. These people
often find themselves in the dilemma of either continuing with their ART or giving up drug
consumption [25]. Inadequate adherence could impair the benefits of treatment [26, 27]. The
few studies looking into intentional non-adherence show that patients who deliberately fail to
take their medication exhibit poorer adherence-related results [25] than those who forget to
take their medication or those who experience drug intoxication (non-deliberate lack of adher-
ence). The belief that pDDIs results in toxicity seems to be widespread among PLHIV who use
illicit drugs [25].

A potential negative impact on health economics could also be expected, as it has been
noted that illicit drug consumption is associated with a higher incidence of visits to the emer-
gency room and with more hospital admissions [28, 29]. Nevertheless, no studies have so far
determined whether the presence of pDDIs could play a role on that front.

Thus, there is a need to gain a better understanding of the pDDIs that PLHIV who use illicit
drugs may be exposed to as a result of their consumption patterns and their status regarding a
series of health variables. With this aim, our study set about performing a secondary analysis
of PLHIV who use illicit drugs in the study of Fuster-RuizdeApodaca et al. [20] in order to: (1)
assess the prevalence and severity of pDDIs in PLHIV who use illicit drugs receiving ART; (2)
analyse these pDDIs across the consumption patterns; (3) explore the awareness and beliefs of
PLHIV regarding the potential for pDDIs and the toxicity they may cause, and how they influ-
ence adherence; and (4) evaluate the implications of pDDIs for health and healthcare
resource-related variables.

Material and methods
Design and sample

This study is part of a broader research project aimed at analysing several aspects of illicit drug
use by PLHIV in Spain. The sub-sample used in the present study came from an observational
cross-sectional ex-post-facto study that surveyed 1,401 PLHIV [20] recruited by convenience
sampling (Fig 1). Data were collected through an online survey between November 2016 and
May 2017. Inclusion criteria were: age >18 years, HIV infection, ART for at least one year, and an
absence of any severe psychiatric or cognitive disorders. The present paper performed a second-
ary analysis using sub-sample of PLHIV who used drugs (n = 694). A previous qualitative phase
of the study included interviews with 21 PLHIV who use illicit drugs to develop the questionnaire
[28]. A community-based participatory research paradigm was used, involving individuals from
the population under study at all research phases [30, 31]. A group of experts from several social
science and healthcare fields guided the research and participated in its different stages.

Procedures

Data were collected across 12 Spanish regions (12 hospitals and 21 NGOs) from 36 different
institutions. The Interdisciplinary Spanish AIDS Society (SEISIDA) performed and coordi-
nated the study. A series of collaborating healthcare providers were in charge of recruiting the
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(20) Fuster-RuizdeApodaca MJ et al. Prevalence and
patterns of illicit drug use in people living with HIV in
Spain: A cross-sectional study. PLoS One. 2019 Jun
TOTAL SAMPLE 17; 14(6)

(N=1,401)
PLHIV taking ART

—> N=707 participants not taking illicit drugs

SUBSAMPLE
(N=694)
PLHIV taking ART and illicit drugs

— | N= 38 participants for lack information about ART/drug taken

FINAL SUBSAMPLE
N=656 participants analysed

l l

n=335 with pDDlIs n=321 without pDDlIs

Fig 1. Study sampling. PLHIV: people living with HIV; ART: antiretroviral therapy; pDDIs: potential drug-drug interactions; N: patients; n: number of pDDIs.
https://doi.org/10.1371/journal.pone.0260334.9001

participants during their clinical visits. They were given instructions on the procedures of the
online self-administered survey through a tablet device. Completion of the survey took about
40 minutes. The survey response rate was 93.4% (82-100%). The main reasons argued for
non-completion were not having enough time, the length of the survey, visual impairment, or
lack of tablet skills.

Ethics statement

Participants were informed of the study and asked to provide written informed consent. The
Ethics Committee of the Valencia Clinical Hospital approved the research protocol. All investi-
gators worked according to the principles expressed in the Declaration of Helsinki.

Measures

Procedures regarding the survey design are described in Fuster-RuizdeApodaca et al. [20]. The
variables used in the present analysis included:

Use of illicit drugs and other substances. The following variables were used: type, fre-
quency and route of consumption during the last year. A list of 18 illicit drugs was included in
the survey.

PLOS ONE | https://doi.org/10.1371/journal.pone.0260334 November 19, 2021 4/19


https://doi.org/10.1371/journal.pone.0260334.g001
https://doi.org/10.1371/journal.pone.0260334

PLOS ONE

Interactions illicit drugs-antiretroviral therapy in people living with HIV in Spain

pDDIs between illicit and ART drugs. Theoretical pDDIs between illicit drugs and ART
regimens were checked against the HIV Drug Interaction Checker, developed by the Univer-
sity of Liverpool (http://www.hiv-druginteractions.org) [18]. The analysis considered only
those pDDISs that may require close monitoring or alteration of drug dosage or timing of
administration, and contraindicated combinations (due to their potential to cause serious
adverse events) [7].

Awareness, beliefs, intentional non-adherence, and communication with healthcare
providers on the use of drugs and potential pDDIs. The following variables were measured:
(i) patients awareness of the potential pDDIs (two items), (ii) beliefs about the potential toxic-
ity derived from those pDDIs (two items), (iii) intentional non-adherence to ART when using
illicit drugs (four items), and (iv) communication with healthcare providers on the use of illicit
drugs and pDDIs (four items). As the items under each construct showed adequate reliability,
their composite mean values were used in the analyses. All items were rated on a 5-point scale
(1:’not at all’, 5:’a lot’). Items were designed based both on the results of the previous qualita-
tive study conducted in phase 1 of this research [28] and on the literature review. Many of
them were adapted from those used by Kalichman [25, 32].

Adherence to ART. We used version 2.0 of the Questionnaire to Evaluate Adherence to
HIV Therapy developed by Remor et al. [33]. The questionnaire comprises 17 items rated on a
5-point scale. The sum score of all the items was calculated, with higher scores indicating higher
adherence to treatment. Reliability of the questionnaire was adequate (Cronbach’s o. = 0.78).

Health-related quality of life. The Spanish validated version of the WHOQOL-HIV-
BREF questionnaire was used [34]. The survey contains 31 items distributed over six domains.
A general domain was used to measure overall perception of health-related quality of life [35].
Items are rated on a 5-point scale. Negative items were reversed-coded. Higher scores across
the different items indicate better quality of life.

Health and use-of-healthcare-system-related variables. The following self-reported
questions related to the participants’ health status were included: time from HIV diagnosis,
time on treatment and virological and immunological data (most recent viral load and CD4
measurements). The survey also contained three items asking about the number of visits paid
to different health services (outpatient clinic, emergency room, hospital wards) during the last
year. Possible responses ranged from 1 ’much less frequently than usual’ to 5 much more fre-
quently than usual .

The survey also collected several socio-demographic data: age, gender, sexual orientation,
educational level, employment status, financial resources, and city of residence.

Data analysis

Descriptive analysis of the sample included frequencies, proportions, means, ranges and SDs,
as appropriate. Firstly, we quantified the prevalence of potential relevant pDDIs across the
type of illicit drug used and type of ART regimen. Subsequently, we described and compared
pDDIs according to the drug use pattern and the type of illicit drug or ART regimen used. The
illicit drug use patterns in the sample were analysed in a previous study (Fuster-RuizdeApo-
daca et al. [20]).

Secondly, we described the participants awareness, interactive beliefs, non-intentional
adherence, and communication with healthcare providers about the use of illicit drugs. Pear-
son’s correlations were used to study the associations between these variables. Then, differ-
ences in intentional non-adherence were compared between participants with and without
pDDlIs, controlling for the effect of their awareness of potential pDDIs and their beliefs about
the toxicity resulting from them through an analysis of covariance (ANCOVA).
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Finally, either Student’s ¢ test or the chi-squared test was used to analyse the differences across
other health-related variables, depending on the nature of the data. The results were checked with
nonparametric Mann-Whitney U test. Statistical significance was set at p value <0.05.

The analyses were performed using the SPSS v.22 software.

Results
Participants’ characteristics

Participants were mainly MSM, with a mean age slightly above 44 years. They were all Spanish
nationals living in urban areas (Table 1).

Prevalence of pDDIs in PLHIV who used illicit drugs

After excluding 38 participants due to a lack of information on their ART or illicit drugs, 335
(51.1%) of participants consuming drugs exhibited pDDIs between their ART regimen and the
drugs they were consuming or had consumed in the previous year. Specifically, a total of 708
significant or contraindicated pDDIs were identified. Only one of the pDDIs detected was con-
sidered a contraindicated combination. The mean number of pDDIs per patient was 2.1+1.7
(range 1-10).

A total of 33.5% (n = 220) of participants consumed a single illicit drug, 19.5% (n = 128)
consumed two, 14.2% (n = 93) consumed three, 7.3% (n = 48) consumed four, and the remain-
ing 25.5% (n = 167) consumed five or more drugs.

The most commonly used illicit drugs included cannabis, cocaine, nitrates ("poppers") and
MDMA (Fig 2). The ones exhibiting a higher prevalence of pDDIs were cocaine, cannabis,
MDMA, and GHB/GBL. The only drug that did not result in pDDIs was nitrates ("poppers").
The higher pDDIs:non-pDDIs ratios corresponded to opioids (2:1), LSD (1.7:1), cocaine
(1.2:1) and heroin (0.9:1).

The presence of pDDIs differed according to the ART drug families used (Fig 3). Of the
total number of pDDIs (n = 708), 41.7% resulted from regimens based on bPIs, 32.1% were
caused by boosted INSTI, and 26.3% by NNRTIs. The bPIs associated with a higher prevalence
of pDDIs was darunavir boosted with cobicistat or ritonavir. Within the INSTI family, elvite-
gravir boosted with cobicistat was the only drug leading to pDDIs. With regard to NNRTIs,
the most frequent pDDIs were caused by rilpivirine and efavirenz. The only pDDI associated
with a contraindicated combination was between cocaine and saquinavir. The higher pDDIs:
non-pDDIs ratios in the ART category corresponded to boosted atazanavir (7.2:1), etravirine
(1.9:1), and elvitegravir/cobicistat (1.9:1) (Fig 4).

The ART-illicit drug combinations that led to higher incidences of pDDIs were: boosted
darunavir-cocaine, rilpivirine-cocaine, and elvitegravir/cobicistat-cocaine (Table 2).

Prevalence-related differences and type of pDDIs according to
participants’ drug consumption patterns

Prevalence and type of pDDIs were analysed according to the four illicit drug consumption
patterns (clusters) found by Fuster-RuizdeApodaca et al. [20]. The consumption clusters iden-
tified were as follows: HTX consuming mainly cannabis [cluster 1 (C1), n = 160], HTX con-
suming mainly heroin and cocaine [cluster 2 (C2), n = 82], MSM exhibiting moderate illicit
drug consumption [cluster 3 (C3), n = 265], and MSM with high rates of polydrug use [cluster
4 (C4), n = 149]. Statistically significant differences were found regarding pDDIs prevalence
between patients in the different clusters: C2 (79.3%), C4 (62.4%), C3 (47.5%) and C1 (31.9%)
(x* = 58.67, p<0.0001). The main types of illicit drugs involved in pDDIs were: cocaine and
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Table 1. Participants’ socio-demographic and HIV-related characteristics.

% (N)'

Socio-demographic characteristics 100 (694)
Age, mean (SD) (years) 44.59 (9.76)
Gender

Male, % (n) 86.2 (598)

Female, % (n) 11.8 (82)

Transgender, % (n) 2.0 (14)
Sexual orientation

Heterosexual, % (n) 34.3 (238)

Homosexual, % (n) 62.7 (435)

Other, % (n) 3.0 (21)
Transmission route

Sexual contact % (n) 65.9 (457)

Intravenous drug use % (n) 23.3 (162)

Other % (n) 10.8 (75)
Current relationship

Yes, % (n) 29.4 (204)

No, % (n) 70.6 (490)
Educational level

No studies, % (n) 4.3 (30)

Primary, % (n) 26.5(184)

Secondary, % (n) 32.4 (225)

University degree, % (n) 33.4(232)

Other, % (n) 3.3(23)
Work situation

Working, % (n) 51.2 (355)

Unemployed, % (n) 20.9 (145)

Retired or disability, % (n) 19.6 (136)

Other, % (n) 8.4 (58)
Monthly incomes

None 13.3(92)

< 1,000 € % (n) 36.0 (250)

1,000-1,500 € % (n) 30.7 (213)

1,500-2,000 € % (n) 7.9 (55)

> 2,000 € % (n) 12.1 (84)
Country of birth

Spain % (n) 81.7 (567)

Europe % (n) 4.9 (34)

Outside of Europe % (n) 13.4 (93)
Residence®

Rural, % (n) 4.5(31)

Urban, % (n) 95.1 (660)

Unknown % (n) 0.4 (3)
HIV related variables
Time diagnosed, M+SD (years) 14.54 (9.82)
Time on ART, M+SD (years) 11.84 (8.34)
CD4 cell count

< 200 CD4 cells/uL % (n) 4.3 (30)

(Continued)
7/19
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Cocaine

Poppers

MDMA

GHB/GBL

S

peed

Mephedrone

Ketamine

Methamphetamines

Heroin

LSD

Opium

% Patients using drugs by type of

drug (N=656)

459

Table 1. (Continued)

% (N)'
200-400 CD4cells/uL % (n) 8.2 (57)
> 400 CD4 cells/uL % (n) 68.9 (478)
Unknown % (n) 18.6 (129)

Viral load

Undetectable® % (n) 90.6 (629)
Detectable % (n) 5.5(38)
Unknown % (n) 3.9(27)

Note

"Data provided in frequencies, and percentages except when other statistics are indicated.

#"Urban" when more than 10,000 inhabitants.

"Undetectable viral load was defined as <50 copies/ml. ART: antiretroviral therapy.

https://doi.org/10.1371/journal.pone.0260334.t001

cannabis for C1; cocaine and heroin for C2; and cocaine for C3. C4 displayed a high rate of
pDDIs for the majority of illicit drugs (Fig 5). pDDIs in the HTX clusters (C1 and C2) were
mostly associated with bPI regimens (50.0% and 68.6%, respectively) whereas in the MSM

clusters they were mostly related to NNRTIs (48.8% and 49.5%, respectively).

Awareness, beliefs, intentional non-adherence, and communication with
HIV specialists on the use of illicit drugs

As shown in Table 3, awareness among our sample of PLHIV who use illicit drugs regarding
the potential of developing pDDIs when consuming illicit drugs together with their ART medi-
cation was slightly above the overall mean value. Also, the scores corresponding to the partici-
pants beliefs about the toxicity of pDDIs and to communication with healthcare providers

% Patients using drugs with pDDIs by
type of drug (N=335)

0

% pDDIs-No pDDIs by type of drug (n=2,803)

Cannabis
Cocaine
Poppers

MDMA
GHB/GBL
Speed
Mephedrone
Ketamine
Methamphetamines
Heroin
LSD
Opium

10.0 90.0
53.8 46.2
100.0
2is 25
28.4 71.6
289 Ll
24.7 7518
3818 66.7
212 78.8
47.4 52.6
62.5 S7ES
66.7 st
50% 100%

0%

% pDDIs by drug (n=708)
% No-pDDIs by drug (n=2,095)

Fig 2. Prevalence of participants using drugs, with potential interactions and distribution per type of drug. MDMA: 3,4-Methylenedioxymethamfetamine; GHB/
GBL: gamma-hydroxybutyrate/gamma-butyrolactone; LSD: Lysergic acid diethylamide; pDDIs: Potential drug-drug interactions; No-pDDIs: No potential drug-drug
interactions; N: patients; n: number of pDDIs.

https://doi.org/10.1371/journal.pone.0260334.9002
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% pDDIs by ART regimen (n=708) % pDDIs by ART (n=708)

NVP 4.8
ETV 16.7

26.3 371 EFV 37.6
RPV 40.9
EVG/C 100.0
SQVR 1.7
41.7 LPV/R 10.5
ATZ/b 14.6
DRV/b 73.2

NRTIs = INSTI = bPIs = NNRTIs = FI 0.0 50.0 100.0 150.0

Fig 3. Prevalence of interactions per antiretroviral regimen. NRTIs: Nucleos(t)ide reverse transcriptase inhibitors; INSTI: Integrase strand transfer
inhibitors; bPIs: Boosted-protease inhibitors; NNRTIs: Non-nucleos(t)ide reverse transcriptase inhibitors; FI: Fusion inhibitors; RPV: Rilpivirine; NVP:
Nevirapine; ETV: Etravirine; EFV: Efavirenz; EVG/C: Elvitegravir/cobicistat; SQV/R: Saquinavir/ritonavir; LPV/R: Lopinavir/ritonavir; ATZ/b:
Atazanavir boosted; DRV/b: Darunavir boosted; ART: Antiretroviral; pDDIs: Potential drug-drug interaction. n: number of pDDIs.

https://doi.org/10.1371/journal.pone.0260334.9003

about drug use were above the mean. However, the mean score for intentional non-adherence
was lower than the mean value.

A correlation analysis showed that an awareness of pDDIs was positively correlated with
the belief that such pDDIs were toxic (r = 0.39, p<0.01) and with open communication with
the healthcare provider about the use of drugs and potential pDDIs (r = 0.33, p<0.01). Beliefs
about the toxicity of pDDIs exhibited a moderate-to-high association with intentional non-
adherence to ART aimed at avoiding such pDDIs (r = 0.46, p<<0.01).

Influence of the awareness of pDDIs and the beliefs about their toxicity on
intentional non-adherence in participants with pDDIs

The results of the ANCOV A analysis showed that PLHIV with pDDIs exhibited a significantly
higher mean adjusted score than participants without pDDIs with respect to intentional non-
adherence once the differences related to the awareness of pDDIs and beliefs about their toxic-
ity covariates were controlled for (M = 2.18, SE = 0.048 vs. M = 1.94, SE = 0.048 respectively).
Both covariates, pDDIs awareness and interactive toxicity beliefs, were significantly related to
non-intentional adherence (Table 4).

Differences between participants with and without pDDIs in health-related
variables

No significant differences were found in the analysed self-reported health variables between
the groups (Table 5).

Discussion

This is the first study to evaluate the prevalence of pDDIs between ART therapy and illicit
drugs, their distribution across patterns of illicit drug use, the implication of associated
patients’ beliefs and their potential clinical impact in a national representative sample in
Spain.
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% Patients using drugs % Patients using drugs % pDDIs-No pDDIs
by ART (N=656) with pDDIs by ART (N=335) by ART (n=2,803)
FTC 52,11 FTC FTC 100.0
TDF 41.9 TDF TDF 100.0
3TC 31.0 3TC 3TC 100.0
ABC 27.8 ABC ABC 100.0
TAF 11.2 TAF TAF 100.0
ZDV ZDV ZDV 100.0
D4AT D4AT DAT 100.0
DTG 23.8 DTG DTG 100.0
EVG/C 14.8 EVG/C 21,2 EVG/C 65.2 34.8
RAL 9.1 RAL RAL 100.0
DRV/b 30.5 DRV/b 29.0 DRV /b 56.8 43.2
LPV/R LPV/R 4.5 LPV/R 63.3 36.7
ATZ/b ATZ/b 5.1 ATZ/b 87.8 1252
SQV/R SQV/R SQV/R 62.5 37.5)
TPV TPV TPV 100.0
RPV 18.9 RPV 20 RPV 162 83.8
EFV 7.8 EFV 1137 EFV 58.8 41.2
ETV ETV 5.4 ETV 66.0 34.0
NVP NVP NVP 17.6 82.4
MRV MRV MRV 100.0
0% 50% 100%

% pDDIs by ART (n=708)

% No-pDDIs by ART (n=2,095)
Fig 4. Prevalence of participants using drugs, with potential interactions and distribution per type of antiretroviral therapy. 3TC: Lamivudine; ABC:
Abacavir; DTG: Dolutegravir; FTC: Emtricitabine; RPV: Rilpivirine; TDF: Tenofovir fumarate; TAF: Tenofovir alafenamide; EVG/C: Elvitegravir/
cobicistat; EFV: Efavirenz; D4T: Stavudine; DRV/b: Darunavir boosted; RAL: Raltegravir; NVP: Nevirapine; TPV: Tipranavir; ETV: Etravirine; LPV/R:

Lopinavir/ritonavir; MRV: Maraviroc; ATZ/b: Atazanavir boosted; ZDV: Zidovudine; SQV/R: Saquinavir/ritonavir; ART: Antiretroviral; pDDIs: Potential
drug-drug interactions; No pDDIs: No potential drug-drug interaction; N: patients; n: number of pDDIs.

https://doi.org/10.1371/journal.pone.0260334.9004

The study revealed that PLHIV using illicit drugs on ART, experienced a significant pro-
portion of relevant pDDIs (51.1%). Garin et al. reported a similar prevalence (50%) of pDDIs
with 208 PLHIV taking recreational drugs [27]. A study with 384 PLHIV who used recrea-
tional drugs in Southern Taiwan found potential pDDIs in 33.1% of participants [36]. Differ-
ences in prevalence are possibly due to differences in drug use patterns, differences in the ART
regimens used in a specific area, and differences in the illicit drugs selected.

Our results showed that cocaine, cannabis and MDMA were the illicit drugs most fre-
quently involved in pDDIs, with no interactions being observed among consumers of poppers.
Regarding ART regimens, bPIs was the pharmacological family most frequently associated
with pDDIs, followed by boosted INSTI and NNRTIs-based regimens. This is in line with the
results obtained by Garin et al. [27] in Spain. In the ASTRA study, Daskalopoulou found simi-
lar results in 2,248 MSM with HIV in the UK [37]. Another study conducted in Taiwan found
similar results [36], except for rilpivirine, which was characterised by a low pDDIs potential.
In our study, rilpivirine accounted for 8.2% of pDDIs. According to the University of Liver-
pool Interaction Checker [18], the rilpivirine-cocaine combination could result in a
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Table 2. Potential interactions between illicit drugs and antiretroviral therapy.

bPIs NNRTIs IIs
DRV/b ATZ/b LPV/R SQV/R RPV EFV ETV NVP EVG/C

Cannabis - 13 - - - 38 16 R R
Cocaine 87 9 13 1 76 16 10 8 55
MDMA 27 - 3 1 - - ; - 39
GHB/GBL 24 2 1 - - - - 33
Speed 20 5 1 - - - - 25
Mephedrone 16 - 1 - - - - - 23
Ketamine 1 1 - - 4 1 1 20
Methamphetamines - - - - - _ _ 13
Heroin 17 6 - - 5 3 -
LSD 5 - 1 - 2 1 - 9
Opium 3 - - - - - - - 3

Note: Results in the table refer to the number of participants with each interaction. No interactions were found in consumers of poppers. bPIs: Boosted-protease
inhibitors; NNRTIs: Non-nucleos(t)ide reverse transcriptase inhibitors; RPV: Rilpivirine; NVP: Nevirapine; ETV: Etravirine; EFV: Efavirenz; EVG/C: Elvitegravir/
cobicistat; SQV/R: Saquinavir/ritonavir; LPV/R: Lopinavir/ritonavir; ATZ/b: Atazanavir boosted. DRV/b: Darunavir boosted; MDMA:
3,4-Methylenedioxymethamfetamine; GHB/GBL: gamma-hydroxybutyrate/gamma-butyrolactone; LSD: Lysergic acid diethylamide.

https://doi.org/10.1371/journal.pone.0260334.t002

pharmacokinetic interaction, which could lead to prolongation of the QT interval. Although
the interaction database recommends caution, it warns that this DDI is very unlikely and that
the quality of the evidence available is very low.

It should be mentioned that the likelihood of a DDI is different for each type of (therapeutic
and/or illicit) drug. Consequently, drugs like cannabis, associated with high consumption
rates, are associated with a very low (10.0%) pDDIs potential. On the other hand, other drugs
such as opium or LSD are associated with a high risk of pDDIs (nearly 70%), although their
use is much less prevalent.

As NRTTs are mainly excreted through the kidney and are not substrates of the CYP meta-
bolic pathway, the prevalence of pDDIs associated with them is minimal [38]. Most relevant
pDDIs between illicit drugs and ART regimens occur through the inhibition or induction of

% Patients with pDDIs by cluster and type of drug (N=335) % Patients with pDDIs by cluster and type of ART (N=335)

cuser 1 v=sn [ NN oo

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

) . 0% 20% 40% 60% 80% 100%
u Cocaine = MDMA m Cannabis
= GHB/GBL m Speed = Heroin
= Mephedrone m Ketamine ® Methamphetamines ®ATZ/b mDRV/b mLPV/R mSQV/R mEFV mETV ENVP BRPV mEVG/C

mLSD = Opium

Fig 5. Prevalence of potential interactions per cluster and type of drug and antiretroviral therapy. MDMA:
3,4-Methylenedioxymethamfetamine; GHB/GBL: gamma-Hydroxybutyrate/gamma-Butyrolactone; LSD: Lysergic acid
diethylamide; DRV/b: Darunavir boosted; RPV: Rilpivirine; EVG/C: Elvitegravir/cobicistat; EFV: Efavirenz; ETV:
Etravirine; ATZ/b: Atazanavir boosted; LPV/R: Lopinavir/ritonavir; NVP: Nevirapine; SQV/R: Saquinavir/ritonavir;
ART: Antiretroviral; pDDIs: Potential drug-drug interactions; N: Patients.

https://doi.org/10.1371/journal.pone.0260334.9005
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Table 3. Awareness and beliefs about interactions, intentional non-adherence, and communication with healthcare providers.

Dimensions (reliability) Items in the questionnaire® M+SD | PWpDDIs PWOpDDIs | Student’s t®
(n=335) (n=321) (p value)
Awareness of drug-to-drug o Are you aware that illicit drugs and HIV drugs may interact with 3.09 3.07£1.22 3.11+1.21 -0.39 (0.693)
interactions (Cronbach’s oo = 0.93, | one another?(1) +1.21
r=0.88) « Are you aware that taking your HIV medication together with illicit | 3.12 | 3.10+1.23 3.15¢1.19 | -0.56 (0.570)
) 4 8!
drugs may affect the outcome of your ART treatment?(2) +1.21
Awareness of potential pDDIs (composite score) 3.10 3.08+1.19 3.13+1.16 -0.49 (0.619)
+1.17
Beliefs about the toxicity of o “I think that illicit drugs and HIV drugs should not be combined 2.95 2.93£1.39 2.97+1.44 -0.31 (0.755)
interactions (Cronbach’s a. = 0.76, | because the combination may be toxic” (3) +1.41
r=061) o “I think that taking illicit drugs at the same time as HIV medication | 2.86 2.92+1.39 2.79+1.40 1.19 (0.231)
may negatively impact my health”(4) +1.40
Beliefs about pDDIs-induced toxicity (composite score) 2.90 2.92+1.24 2.88+1.28 0.48 (0.625)
+1.26
Intentional non-adherence o “When I have taken illicit drugs, I wait for their effect to wear off 2.29 2.39£1.50 2.18+1.47 1.80 (0.071)
behaviour (Cronbach’s o. = 0.76) | before I take my HIV medication” (5) +1.49
o “Ttry make sure I take my HIV medication and any illicit drugs at 2.81 2.91+1.56 2.71+1.63 1.62 (0.104)
different times” (6) +1.59
« “I'd rather not take my HIV medication when I know I am going to 1.50 1.64+1.17 1.34+0.86 3.77
take illicit drugs” (7) +1.04 (< .0001)
o “Tusually refrain from taking my HIV medication when I'm under 1.67 1.83+1.33 1.51+1.07 3.39(0.001)
the effect of illicit drugs” (8) +1.22
Intentional non-adherence behaviour (composite score) 2.06 2.19+1.04 1.93+£0.94 3.33(0.001)
+1.00
Communication with healthcare | « “I speak openly to my HIV doctor about my use of drugs without 3.28 3.25+1.47 3.32+1.45 -0.58 (0.559)
providers (Cronbach’s oo = 0.83) | fear of being judged or criticized” (9) +1.46
« “T have told my HIV doctor what illicit drugs I use” (10) 3.26 3.19+1.51 3.33%1.51 -1.23(0.218)
+1.50
» “My HIV doctor (or some other healthcare provider) has informed 3.01 2.92+1.50 3.10+1.45 -1.53(0.126)
me about the potential effects of using drugs and taking my HIV +1.48
medication at the same time” (11)
« “My HIV doctor (or some other healthcare provider) has advised me | 2.82 2.73+1.53 2.92+1.55 -1.58 (0.114)
against mixing my HIV medication with illicit drugs because of +1.54
pDDIs.” (12)
Communication with healthcare providers (composite score) 3.09 3.02+1.22 3.16+1.21 -1.51 (0.129)
+1.22

*Answers to the items were scored on a scale between 1 (not at all’); 2 Clittle’); 3 (something’); 4 Cquite a lot’) and 5 (a lot’).

®Measure of the importance de continuous variables (Student’s t test). PWpDDIs: patients with potential drug-drug interactions; PWOpDDIs: patients without potential

drug-drug interactions. Variables in bold are the composite score of the items of each dimension.

https:/doi.org/10.1371/journal.pone.0260334.t003

Table 4. Analysis of covariance for non-intentional adherence in people living with HIV with interactions with knowledge and interactive toxicity beliefs as

covariates.

Source SS df MS F P n?
pDDIs Awareness (covariate) 13.49 1 13.49 17.62 <0.0001 0.03
Interactive toxicity beliefs (covariate) 152.29 1 152.29 198.89 <0.0001 0.23
pDDIs (group) 8.97 1 8.97 11.71 0.001 0.02
Error 499.26 652 0.77

R® 0.249 (adjusted R* = 0.245)

SS = sum of squares; df = degrees of freedom; MS = Mean square; n” = partial eta squared.

https://doi.org/10.1371/journal.pone.0260334.t004
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Table 5. Differences in health-related variables between participants with or without potential interactions.

Variable' PWpDDIs 51.1% (n = 335) PWOpDDIs 48.9% (n = 321) Statistical contrast
Immunological status (> 400 CD4/mm?) 86.7 83.0 x> =1.43;p = 0.225
Undetectable viral load ¢ 93.8 94.5 xz =0.16; p = 0.690
ART adherence® (mean+SD) 84.65+11.22 86.09+9.38 t=-1.78; p=0.078
WHOQoL score (mean+SD) 68.57+16.07 68.39+15.56 t=0.14; p = 0.886

Visits to health centre (mean+SD)* 2.84+1.05 2.88+1.07 t=-0.48; p =0.634
Visits to emergency room (mean+SD)? 1.73+0.87 1.77+0.83 t=-0.04 p = 0.969
Admissions (mean+SD)¢ 1.26+0.63 1.24+0.59 t=-0.411; p = 0.681
Note

"Data provided in percentages, except where specified.

x> Test (2xN tables) and t-test (continuous variables) to compare two stratified groups.

*Viral load category ‘undetectable’ was defined as <50 copies/ml.

PART adherence by CEAT-VIH.

“Visits to health centre ranged from 1 Cmuch less than usual’); 2 (less than usual’); 3 (same as usual’); 4 Cmore than usual’) and 5 Cmuch more than usual’).
YEmergency visits and admissions ranged from 1 (rever’) to 5 Cmany times’).

ART: antiretroviral therapy; PWpDDIs: patients with potential drug-drug interactions; PWOpDDISs: patients without potential drug-drug interactions.

https://doi.org/10.1371/journal.pone.0260334.t005

the CYP metabolic pathway (especially CYP3A4). A case in point is that of bPIs [14], where
pDDIs often result in changes in (ART or illicit) drug concentrations [38, 39]. In our study,
97.3% of the pharmacokinetic pDDIs analysed would result in an accumulation of recreational
drugs or their toxic metabolites, worsening the adverse effects of these drugs through the CYP
metabolic pathway. The remaining 2.7% of pDDIs would tend to decrease plasma levels of
ART drugs below the therapeutic range. Regarding pharmacodynamic pDDIs, 12.1% of the
global pDDIs (atazanavir and rilpivirine with cocaine) could prolong the QT interval [18].

The Spanish GESIDA/PNS 2020 consensus document [40] and the US Department of
Health and Human Services HIV treatment guidelines [41] recommend initiating therapy
with a combination of two (dolutegravir/lamivudine) or three active ART medications. These
ART regimens should comprise two NRTIs plus an INSTT, NNRTI, or bPI. These combina-
tions have demonstrated similar rates of effectiveness in randomised clinical trials [42-44] but
they exhibit variations regarding dosing frequency, number of pills a day, adverse events,
genetic barriers to resistance, adherence, and potential pDDIs. Taking into consideration the
widespread availability of illicit drugs and the high prevalence of illicit drug consumption
found in our study, the best candidate for a third ART drug in PLHIV who use illicit drugs
would be a NNRTT or non-boosted INSTI. The use of bPIs or boosted INSTT (elvitegravir/
cobicistat) should be avoided in these cases due to their high prevalence of pDDIs. The highest
pDDIs in the bPIs class corresponded to darunavir, to boosted elvitegravir in the INSTT class,
and to rilpivirine in the NNRTISs class. Etravirine, doravirine, cabotegravir and bictegravir
would be optimal candidates due to their low pDDIs profile. These ART were not included in
this study because they are recently marketed. pDDIs should be addressed by a multidisciplin-
ary team using state-of-the art regimens combined with rigorous monitoring, appropriate dos-
age adjustments, alternative forgiving therapeutic options for periods of non-adherence, and
provision of information to patients about pDDIs [37].

To gain a better understanding of which PLHIV who use illicit drugs are at the highest risk
of experiencing pDDIs, we analysed the pDDIs across the four clusters in Fuster Ruiz de Apo-
daca et al. [20]. PLHIV in C2 (users of mainly traditional intravenous drugs) were those with
the highest prevalence of pDDIs, even though they used fewer drugs than PLHIV in C4, who
presented with the highest rate of polydrug use. This could be because PLHIV in C2 mainly
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consumed heroin, which is associated with an elevated risk of pDDIs, and the fact that they
were mainly under a bPI-based ART regimen as they had been HIV-positive for more than 20
years. bPIs are practically the only ART drugs that combine a higher genetic barrier to resis-
tance, requiring a greater number of mutations to render treatment ineffective, with high
robustness, where the selection of resistance in the case of virological failure is exceptional.
This makes them the ART drugs with the highest permissiveness to non-adherence. C4
deserves special attention because these PLHIV could present with behaviours associated with
chemsex, which tends to entail the consumption of higher doses and several substances at the
same time, with a more intense effect and a higher risk of pDDIs.

The above-mentioned findings suggest that drug use and drug use patterns are among the
most important considerations that clinicians must bear in mind when prescribing an ART
regimen. Special attention should be paid to polydrug users because this is particularly preva-
lent in MSM with HIV who use drugs [20, 27, 45, 46]. Our analysis found many participants
who engaged in polydrug use (66.5%), in line with other authors who also found high preva-
lence rates between 47.0 and 74.7% [27, 36, 45-47]. Chemsex, a term used to describe sexual
relationships under the influence of certain psychoactive substances [48], has been related to
polydrug use, high risk sexual practices, including condomless sex or slamming, and potential
addiction [14, 48, 49]. This group should be given particular attention in order to minimise
the risks derived from polydrug use, pDDIs, poor adherence, and high-risk sexual behaviours
[27, 50].

Our study also investigated the participants awareness of potential pDDIs and their beliefs
about toxicity that could result from them, as well as nature of the patient’s communication
with healthcare providers about their use of illicit drugs. According to published studies,
PLHIV with toxicity beliefs on interactions have a greater risk of deliberately missing doses
when using drugs, which is associated with intentional non-adherence to ART [25]. Similarly,
we found that the higher the awareness of the potential for pDDIs, the firmer the belief that
toxicity could ensue. However, awareness was also associated with more open communication
with healthcare providers. This is an aspect that was not evaluated in previous studies. Previous
studies on that matter [25] did not explore whether respondents experienced pDDIs. Our
study, after controlling for the effect of the awareness of potential pDDIs and the beliefs about
the toxicity that they may cause, found that PLHIV with pDDIs presented with significantly
more intentional non-adherence behaviours (anticipation, delays, or missing of ART when
using drugs) than PLHIV without pDDIs. This points to the importance of promoting open
clinician-patient communication. It is also necessary for healthcare providers to devote time to
counselling, providing information, and establishing a trust-based doctor-patient relationship
in order to promote an awareness of pDDIs and help patients to reject some toxicity-related
beliefs that could lead to intentional non-adherence. To achieve this goal, it is paramount that
healthcare providers should not maintain a judgmental attitude when addressing drug use.

It is important to note that unintentional adherence caused by low disease awareness, for-
getfulness, temporary cognitive impairment or intoxication caused by drug consumption also
contributes to lack of adherence [25]. Therefore, it is necessary to provide these people with
adequate information on the effects of drugs and how to manage ART when using drugs to
avoid forgetfulness and recognise the symptoms associated with the presence of intoxications.
In this sense, social network-based interventions, with the creation of groups and communities
and adequate social and health system support, can be very useful in understanding and pre-
dicting behaviours related to drug intoxication.

Many PLHIV, especially the older subpopulation group, suffer from co-morbidities, includ-
ing psychiatric disorders and cognitive decline [51]. Comorbidities are, in turn, associated
with a higher degree of polypharmacy, including drugs such as antidepressants, antipsychotics
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and other medicines with anticholinergic properties that increase the risk of cognitive
impairment [52]. Adherence and, subsequently, the efficacy of treatment may be compro-
mised. This may be especially relevant in the people using illicit drugs due to the synergic
impact on cognitive functioning. The need of appropriate assessment of anticholinergic bur-
den and cognitive impact due to polypharmacy and comorbidities should be considered in
clinical practice.

Although PLHIV with pDDIs usually present with a higher prevalence of intentional non-
adherence, their clinical health variables were not affected in our sample. We did not find any
significant differences between PLHIV with and without pDDIs in terms of viral load, CD4
count, quality of life or number of visits to a health centre. As our data are cross-sectional,
cohort studies are necessary to investigate whether pDDIs could have a long-term impact on
the health of PLHIV.

Our study has several limitations. Firstly, its cross-sectional nature does not allow causal
relationships to be established. Secondly, the data presented come from a self-reported ques-
tionnaire, which precludes verification of the veracity of the information. Respondents may
well have attenuated their responses regarding drug use, leading to a bias of information.
Indeed, underreporting is likely to occur in studies of this kind, especially when it comes to
drugs that enjoy less social acceptance such as the newest or strongest drugs. Thirdly, our
results correspond to our geographical area in Spain. Comparisons across different studies are
problematic because of the great variability in terms of inclusion criteria, different recall peri-
ods (e.g. last month, last year), recreational drugs selected, drug patterns, age range, and sexual
orientation. Fourthly, another possible limitation of this study is that we established our
pDDIs on the basis of a database that provided expected pDDIs and did not monitor the
adverse clinical outcomes potentially arising from these pDDIs. Finally, ART prescribing pat-
terns change with time as new drugs and evidence is available. The increase in INSTI-based
regimens and the use of dual therapies may have some impact in terms of pDDIs prevalence.
However, the relevance of eliminating NRTIs may have a very limited impact as this pharma-
cological group does not have relevant theoretical interactions with illicit drugs.

Conclusions

The present study addresses a critical gap in the understanding of the prevalence of pDDIs
among PLHIV who use illicit drugs in Spain and their impact on health outcomes. Our find-
ings suggest that the prevalence of potentially relevant pDDIs is significant in PLHIV who use
drugs. It also shows that the prevalence of pDDIs differs according to the drug use pattern con-
sidered, with polydrug users being those at the highest risk. Moreover, our results show that
experiencing pDDIs could lead to intentional non-adherence. Although we did not find any
impact of pDDIs on other health-related variables, longitudinal studies should be undertaken
to determine whether pDDIs could have an impact on the long-term health status of PLHIV.
Our study provides indicators for selecting PLHIV at a higher risk of pDDIs according to
their drug use pattern. Such PLHIV could greatly benefit from having their treatment moni-
tored. An awareness, recognition, and the correct management of pDDIs are important in
optimising the medical and pharmaceutical care administered to PLHIV and could help to
prevent a loss of efficacy of the drugs administered as well as any adverse events that they may
cause. Therefore, it is essential to provide practitioners responsible for the care of patients with
adequate training and the support tools required to easily access validated information.
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