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REVIEW

Prescribing issues in elderly individuals living with HIV
Catia Marzolinia,b and Françoise Livioc
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University of Basel, Basel, Switzerland; bDepartment of Molecular and Clinical Pharmacology, University of Liverpool, Liverpool, UK; cService of
Clinical Pharmacology, Department of Laboratories, University Hospital of Lausanne, Lausanne, Switzerland

ABSTRACT
Introduction: Combined antiretroviral therapy has transformed HIV infection into a chronic disease
thus people living with HIV (PLWH) live longer. As a result, the management of HIV infection is
becoming more challenging as elderly experience age-related comorbidities leading to complex poly-
pharmacy and a higher risk for drug-drug or drug–disease interactions. Furthermore, age-related
physiological changes affect pharmacokinetics and pharmacodynamics thereby predisposing elderly
PLWH to incorrect dosing or inappropriate prescribing and consequently to adverse drug reactions and
the subsequent risk of starting a prescribing cascade.
Areas covered: This review discusses the demographics of the aging HIV population, physiological
changes and their impact on drug response as well as comorbidities. Particular emphasis is placed on
common prescribing issues in elderly PLWH including drug–drug interactions with antiretroviral drugs.
A PubMed search was used to compile relevant publications until February 2019.
Expert opinion: Prescribing issues are highly prevalent in elderly PLWH thus highlighting the need for
education on geriatric prescribing principles. Adverse health outcomes potentially associated with
polypharmacy and inappropriate prescribing should promote interventions to prevent harm including
medication reconciliation, medication review, and medication prioritization according to the risks/
benefits for a given patient. A multidisciplinary team approach is recommended for the care of elderly
PLWH.
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1. The ‘graying’ of the HIV epidemic

Due to effective antiretroviral treatments, HIV infection has
evolved from a deadly to a chronic disease. As a result, the
persons living with HIV (PLWH) are aging and have a life
expectancy close to the general population [1–3], although
differences in estimates are observed depending on HIV trans-
mission risk group, race, gender, lifestyle and CD4 cell counts
at antiretroviral treatment initiation [4]. The growing propor-
tion of elderly PLWH is diverse and includes patients diag-
nosed several years ago and who are aging with HIV infection
as well as patients infected at an older age [5]. A mathematical
model using data from the Dutch HIV cohort ATHENA pro-
jected that the median age of patients on antiretroviral treat-
ment will increase from 43.9 years in 2010 to 56.6 in 2030.
PLWH aged ≥60 years will represent 40% of the HIV popula-
tion with 28% having ≥3 comorbidities. Consequently, it is
estimated that 54% of PLWH will be prescribed co-
medications by 2030, compared with 13% in 2010, with 20%
taking ≥3 co-medications [6]. Similar projections are observed
when modeling Italian and American HIV population data [7].

The ‘graying’ of the HIV epidemic brings new challenges as
elderly experience more age-related comorbidities leading to
complex polypharmacy and a higher risk for drug–drug inter-
actions (DDIs). In addition, age-related physiological changes
affect pharmacokinetics and pharmacodynamics thereby

predisposing elderly PLWH to incorrect dosing and inappropri-
ate prescribing.

This review covers age-related physiological changes and
their impact on drug response with particular emphasis on
common prescribing issues in elderly PLWH. A PubMed search
was used to compile all relevant publications until
February 2019.

In the following sections, the term elderly refers as being
≥65 years in accordance with the World Health Organization
definition of elderly or older individuals [8].

2. Age-related changes in pharmacokinetics and
pharmacodynamics

Advanced age is characterized by anatomical, physiological
and biological changes that can alter drug pharmacokinetics
as summarized in Table 1 [9,10]. These changes include
a delayed gastric emptying time and a decreased acid gastric
secretion, all of which can modify drug absorption although
the effect of aging on drug absorption remains inconclusive
due to contradictory findings, but it is generally considered to
be of little clinical significance [10]. The distribution of drugs is
affected due to a progressive reduction in total body water
and lean body mass leading to a relative increase in body fat
so that lipophilic drugs have a greater distribution.
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Furthermore, serum albumin decreases with age leading to an
increase in unbound drug, which is transported to peripheral
tissue sites for uptake and is eliminated by the excretory
organs. Aging has been associated with a decrease in hepatic
clearance (30–40%); this effect is explained by the decline in
both liver mass and blood flow rather than an alteration of the
hepatic enzyme activity [11]. Of interest, the liver mass was
shown to decrease by 10–15% and by 20% per age decade
after the age of 65 years in women and men, respectively [10].
Finally, the most significant pharmacokinetic change with
aging is the reduction in renal clearance due to a decrease
in kidney weight caused by a loss of nephrons, a reduced renal
blood flow and consequently a lower glomerular filtration rate.
The latter declines progressively reaching 50% of the value of
a young adult by the age of 90 years when considering the
aging process only [10]. Overall, there is a progressive decline
in several physiological parameters relevant to drug disposi-
tion with age.

Another issue relates to the fact that elderly individuals,
including elderly PLWH, are often excluded from clinical trials
resulting in limited knowledge about drug pharmacokinetics
at older age. Available studies for antiretroviral drugs indicate
that the concentrations of the non-nucleoside reverse tran-
scriptase inhibitor (NNRTI) efavirenz and the integrase inhibi-
tor (INI) raltegravir are not significantly changed in PLWH > 60
or 45–79 years whereas protease inhibitors (PI) are mostly
increased [12–14]. Nucleoside reverse transcriptase inhibitors
(NRTI)/nucleotide reverse transcriptase inhibitors (NtRTI) are
affected differently as tenofovir exposure was shown to be
decreased by 8–13% whereas emtricitabine exposure was
increased by 19–73% in PLWH ≥ 55 years [15]. Finally, maximal
concentrations of dolutegravir were increased by 25% in
PLWH ≥ 60 years; this change did not have any negative

consequences on sleep or daytime functioning [16]. All these
studies have limitations as the number of PLWH above the age
of 65 is small and patients with significant comorbidities or
frailty were excluded, which could have mitigated the
observed pharmacokinetic changes thus highlighting the
need for more pharmacokinetic studies.

Age-dependent physiological changes can also modify drug
pharmacodynamics resulting in a more or less pronounced drug
effect, particularly for medications belonging to the cardiovascular
or central nervous systems (CNS). Differences in drug response can
be explained by changes in the affinity to receptor sites or in the
number of receptors as well as changes in homeostatic processes
with aging [17]. For instance, beta-blockers have a diminished
effect in elderly possibly due to alterations in binding affinity or
due to receptor downregulation [17,18]. Conversely, elderly are
more sensitive to the effect of benzodiazepines. For instance, the
dose of midazolam to reach sedation was shown to be half in
individuals ≥65 years compared to young individuals [19], a similar
effect is to be expected in elderly PLWH. On a general note, the
long-term use of benzodiazepines should be avoided in elderly
PLWH due to the increased sensitivity and related risk of cognitive
impairment, balance problems, falls and consequently fractures
[20,21]. The use of non-benzodiazepine sedative-hypnotics is also
problematic and has been associated with an increased risk of falls
in older adults (≥71 years) [22]. The risk/benefit balance of sedative
hypnotics proved indeed to be unfavorable in elderly. The number
needed to treat (NNT) for sleep improvement is 13 while the
number needed to harm (NNH) for any adverse reaction is 6
indicating that the occurrence of an adverse event is more than
twice likely compared to a gain in sleep quality [23]. Finally, due to
a reduction in cholinergic receptors in the brain, elderly PLWH are
alsomore likely to experience central anticholinergic adverse reac-
tions (i.e. cognitive impairment, delirium) therefore drugs with
anticholinergic properties should be avoided [24]. Of interest, HIV-
infected women receiving more than one medication with antic-
holinergic properties were shown to have lower learning and
executive performance compared to women not treated with
such medications. When considering all women exposed to antic-
holinergic drugs, the cognitive performance was shown to be
worse in HIV-infected compared to uninfected women suggesting
that viral proteins may cause an additive effect to anticholinergic
drugs [25]. Drug classes with potential different pharmacody-
namics response in elderly PLWHarepresented in Table 2 [9,17,18].

Altogether, physiological changes put elderly PLWH at risk to
be treated with incorrect dosing and inappropriate drugs. These
prescribing issues were shown to occur frequently in PLWH ≥ 75
years enrolled in the Swiss HIV Cohort Study (SHCS) [26].

Thus, knowledge of which drugs to adjust in case of renal
function impairment is essential for safe prescribing. Although
one limitation is that dosage recommendations in case of severe
renal dysfunction (i.e. eGFR <30 mL/min/1.73 m2 [27]) are not
always available, particularly for older drugs. Of note, caution
should be exercised when estimating the renal function using
plasma creatinine or equations incorporating creatinine (e.g. crea-
tinine clearance Cockcroft-Gault, eGFR CKD-EPI, and MDRD) as
older adults have a lower production of creatinine due to
a reduced muscle mass [28]. For drugs undergoing hepatic meta-
bolism, one key principle is to start low, go slow and titrate, at least
for chronic treatments such as antihypertensives, statins or

Table 1. Age-related physiological changes and impact on pharmacokinetics.

Physiological change Pharmacokinetic effect

Drug absorption
• ↓ Gastric emptying time, ↓
Acid gastric secretiona

Modification of drug absorption
Note: Absorption may be affected by
commonly prescribed drugs in elderly
(antacids, proton pump inhibitors, H2

blockers).
Drug distribution
• ↓ Albumin (malnutrition) ↑ Free fraction of drugs.
• ↓ Lean muscle and total
body water

↓ Vd for hydrophilic drugs tends to be
balanced by ↓ renal clearance thus
resulting in little effect on t1/2.
Note: risk of toxicity if dose not adapted
particularly in case of coexisting renal
impairment.

• ↑ Body fat ↑ Vd and longer t1/2 of lipophilic drugs,
tendency to drug accumulation and lower
threshold for adverse drug reactions.

Drug metabolism
• ↓ Hepatic mass, ↓ Hepatic
blood flow

↓ Reduced hepatic clearance and potential
for higher drug concentrations.

Drug excretion
• ↓ Kidney mass, ↓ Renal
blood flow, ↓ GFR

↓ Reduced renal clearance requiring dose
adjustment of drugs excreted mainly
through the kidneys.

GFR, glomerular filtration rate; GI, gastrointestinal; t1/2, elimination half-life; Vd,
volume of distribution.

aContradictory findings with some studies reporting differences in elderly com-
pared to young individuals while other studies did not show any age-
dependent effects.
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antidepressants. As a rule of thumb, older individuals need about
50–75% of the optimal dose for younger individuals [29].

3. Age-related comorbidities in PLWH

With the advent of potent antiretroviral treatments, the HIV popu-
lation is aging and experience age-related conditions, such as
cardiovascular diseases, chronic kidney disease, hypertension, dia-
betes mellitus, dyslipidemia, chronic obstructive pulmonary dis-
ease, cancer, osteoarthritis, osteoporosis, and neurocognitive
impairment. As expected, the number of comorbidities increases
with age: in the French Dat’AIDS cohort, 18.4% of PLWH aged ≥75
years had ≥4 comorbidities versus 4.3% of those aged 50–74 years
[30]. Number of age-associated comorbiditieswas also significantly
higher in PLWH aged ≥65 years compared to those aged 50 to 64
years in the SHCS [31]. In a cross-sectional study nested in the latter
cohort, PLWH aged≥75 years had amedian of 7 comorbidities: the
10most frequent in decreasing order of frequency were hyperten-
sion, chronic kidney disease, dyslipidemia, neurocognitive disor-
ders, osteoporosis, polyneuropathy, cancer, coronary heart
disease, arthrosis, and diabetes mellitus [26].

Several studies, mainly in the field of cardiovascular diseases
and cancer, have found a higher prevalence of comorbidities in
PLWH compared to HIV-uninfected age-matched controls [5,32–
41]. Notably, age-associated comorbidities (≥1 including cardio-
vascular, metabolic, pulmonary, renal, bone and cancer) were sig-
nificantly more prevalent in PLWH aged ≥45 years of the Dutch
AGEhIV Cohort compared toHIV-uninfected controls, 69.4%versus
61.8%; P = 0.009, respectively [38]. Furthermore, multimorbidity
defined by the concurrent presence of ≥2 noninfectious comor-
bidities was shown to be significantly higher in PLWH versus HIV-
uninfected controls, and even more pronounced in those with
a long history of HIV infection [5,32]. Cancer risk was found to be
statistically significantly higher in PLWH ≥ 50 years versus HIV-
uninfected controls, especially some cancers such as anal, lung,
liver and oral cavity/pharyngeal cancers [35]. In another cohort
study spanning from 1996 to 2009, cumulative incidence of cancer
by age 75 in PLWH was statistically significantly higher for Kaposi
sarcoma and non-Hodgkin’s lymphoma as well as non-AIDS-
defining cancers such as lung, anal, colorectal, liver, and Hodgkin
lymphoma compared to HIV-uninfected controls [40].

Normal aging and HIV infection are characterized by inter-
connected immune-inflammatory processes, which may
potentiate each other [42]. Consistent with this assumption,

age-related co-morbidities tend to occur at an earlier age in
PLWH compared to age-matched uninfected individuals.
Besides chronic immune activation by HIV infection, the earlier
onset of comorbidities in PLWH may also relate to behavioral,
lifestyle factors (e.g. smoking, alcohol consumption, drug use)
and viral co-infections (e.g. hepatitis, sexually transmitted dis-
eases), all of which place them at higher risk of acquiring
comorbidities [43]. In addition, chronic exposure to antiretro-
viral drugs, especially the first generation of PIs, NNRTIs, and
NRTIs is associated with various toxicities leading for instance
to metabolic disorders (e.g. dyslipidemia is frequently
observed with the PIs fosamprenavir, indinavir, lopinavir, the
NNRTI efavirenz, the NRTI stavudine; hyperlactatemia can
occur with the NRTIs zidovudine, stavudine, didanosine)
[44,45]. The NtRTI tenofovir disoproxil fumarate can cause
renal toxicity [46], efavirenz can lead to CNS side effects (i.e.
sleep disturbance, headache, depression, suicidal ideation)
whereas hypersensitivity reactions have been reported for
the NNRTI nevirapine [45].

4. Polypharmacy

Polypharmacy is commonly defined as being on ≥5 concomi-
tant medications. This cutoff was selected, as it appears to
best reflect the risk of having adverse health outcomes [47].
However, it is also important to mention that polypharmacy is
often unavoidable when treating a patient with multiple
comorbid conditions making the use of polypharmacy appro-
priate in this context whereas ‘excessive’ polypharmacy is
deleterious and should be avoided [48]. In HIV medicine,
polypharmacy refers usually to non-HIV drugs only, which
are given in addition to HIV regimens consisting mostly of
three combined antiretroviral drugs.

The prevalence of polypharmacy has been shown to be
consistently higher in HIV-infected compared to age-
matched HIV-uninfected individuals across different age cate-
gories in large cohort studies [49,50]. Differences in the extent
of polypharmacy between HIV-infected and HIV-uninfected
individuals tend to become less marked when considering
older age categories (i.e. 65–74 years and ≥75 years referring
to the young-old and old age groups as used previously [51])
[49]. This observation is likely explained by the natural occur-
rence of age-related chronic diseases regardless of HIV infec-
tion. The duration of HIV infection seems to affect the extent

Table 2. Drug classes with potential different pharmacodynamic responses in elderly PLWH.

Drug class Pharmacodynamic issue Recommendation

Antihypertensives Orthostatic hypotension Start with lower dose and titrate
dose

Beta blockers ↓ Beta-receptor function May require higher dose beta-
blocker

Diuretics ↑ Sensitivity to drug effect Monitor blood pressure/electrolytes
Benzodiazepines ↑ Sensitivity (↑ sedation at lower doses and lower concentrations, postural sway) Use at lowest dose and for a short

duration
Opioids ↑ Sensitivity (↑ risk of respiratory depression) Use with caution at the lowest

efficient dose
Anticholinergic
drugs

↑ Sensitivity (peripheral and central anticholinergic adverse reactions: constipation, dry mouth, urinary
incontinence, cognitive impairment, delirium)

Avoid

Vitamin K
antagonists

↑ Effect (↑ inhibition of synthesis of vitamin K dependent clotting factors) Start with lower dose and
adjustdose based on INR
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of polypharmacy as a longer history of HIV infection was
associated with a higher prevalence of dyslipidemia, chronic
kidney disease, and diabetes mellitus and consequently
increased polypharmacy. This association could partly be
explained by metabolic toxicities related to the long-term
exposure to certain antiretroviral drugs [51].

Analyses of HIV cohorts in different developed countries
have reported a high prevalence of non-HIV polypharmacy in
PLWH aged 50–75 years ranging from 43% up to 94% [26,51–
57]. Of interest, the prevalence of polypharmacy in the
Ugandan cohort of ≥50 years PLWH was shown to be lower
(15%) [58] possibly due to limited access to medications. As
expected, cohort studies have indicated that cardiovascular
drugs, gastrointestinal agents, hormone replacement thera-
pies or antiplatelet/anticoagulant medications are more often
prescribed in ≥50 years as compared to younger PLWH [49,59].

Polypharmacy has some negative consequences. Some stu-
dies have suggested that a higher number of medications may
decrease adherence; however, the findings have not been
consistent [60–63]. This observation is likely due to the fact
that adherence is a complex behavior involving drug-related
factors (i.e. number of drugs, adverse effects, dosing regimens)
as well as the psychological profile of a patient (i.e. cognitive
ability, belief about the benefit or necessity of taking medica-
tions). Of interest, an analysis of the SHCS reported that PLWH
(median age: 56 years) had a better adherence to antiretroviral
therapy compared to their other co-administered treatments
as the patients see the direct benefit of antiretroviral treat-
ment (viral load suppression) and therefore are convinced
about its necessity [64].

Studies performed in elderly HIV-uninfected individuals have
linked polypharmacy to an increased risk of DDIs, drug–disease
interactions and adverse drug reactions with the subsequent risk
of starting a prescribing cascade (occurring when an adverse drug
reaction is misinterpreted as a new medical condition resulting in
further prescriptions, see section 5.2) [52–54,56,59]. Other adverse
health outcomes associatedwith polypharmacy include functional
physical decline, cognitive impairment, falls and related fractures,
hospitalization and premature mortality [65–69]. However, causal-
ity assessment between polypharmacy and the aforementioned
outcomes is challenging, as residual confounding factors linked to
disease burden are difficult to eliminate in observational studies.

Considering the potential negative consequences of poly-
pharmacy, efforts should be made to reduce unnecessary
comedications. Future studies are needed to evaluate the
impact of polypharmacy reduction on the prevention of harm-
ful health outcomes.

5. Prescribing issues in elderly

The prescription of medicines is an essential component of the
care of elderly PLWH. Several factors make prescribing
a particular complex and challenging task in this population.

Age-related pharmacokinetic and pharmacodynamic
changes predispose older PLWH to adverse drug reactions as
discussed in section 2. Polypharmacy is often unavoidable in
multimorbid patients and increases the potential for DDIs or
drug–disease interactions as discussed in section 5.3.

The benefit–risk ratio of medication is difficult to assess in
older people, as they are generally not included in clinical trials,
especially if they have more than one morbidity and take med-
icines. In addition, the impact of medications on outcomes such
as quality of life, which is of particular relevance for older per-
sons, is not systematically evaluated in trials.

Prescribing guidelines, including guidelines for the treat-
ment of PLWH (e.g. EACS, DHHS, BHIVA), generally focus on
single diseases and fail to provide guidance on how to prior-
itize treatment in multimorbid patients for whom a more
global approach is warranted.

Several providers are often involved in prescribing treat-
ment for older PLWH, which increases the risk of inappropriate
medication, especially if the role of the general practitioner as
the coordinator of care is not well defined.

5.1. Inappropriate prescribing

Prescribing medications is a complex task, especially in older
people who generally require complex regimens for multiple
chronic conditions. Inappropriate prescribing has been
defined as prescribing of medications that have more poten-
tial risks than potential benefits or prescribing that does not
agree with accepted medical standards [70–74]. Inappropriate
prescribing is highly prevalent in older individuals (≥65 years)
and associated with negative health outcomes [75–79].

Several tools have been developed to assess appropriate/
inappropriate prescribing in older people [80]. Of these, the
Beers criteria and the STOPP (Screening Tool for Older Person’s
Prescriptions)/START (Screening Tool to Alert doctors to the
Right Treatment) criteria are among the most widely used and
can also be applied to elderly PLWH.

The Beers criteria was developed in 1991 by Mark H. Beers,
an American geriatrician [70] and updated in 1997 [81], 2003,
2012, 2015 and 2019 [20]. The criteria are established from
meta-analyses, systematic reviews, and expert consensus
panel and include [20]:

● medications to avoid in most older adults (e.g. first-
generation antihistamines due to their highly anticholi-
nergic effects)

● medications to avoid in older adults with specific dis-
eases or syndromes (e.g. non-steroidal anti-inflammatory
drugs (NSAIDs) in case of heart failure due to their
potential to promote fluid retention and exacerbate
heart failure)

● medications to be used with caution (e.g. dabigatran in
patients ≥75 years or with creatinine clearance below
30 mL/min due to increased risk of bleeding)

● potentially severe DDIs (e.g. lithium and ACE inhibitors
due to risk of lithium accumulation)

● medications to avoid or requiring dosage adjustments
based on the patient’s kidney function (e.g. pregabalin in
case of creatinine clearance <60 mL/min due to
increased risk of CNS adverse reactions)

The STOPP/START criteria were developed by Irish geriatricians
and pharmacists. The first version was released in 2008 [82]
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and the second updated version in 2015 [21]. The STOPP
criteria are organized by physiological systems and have addi-
tional criteria than those listed in the Beers such as:

● medications prescribed without clinical indication
● medications prescribed beyond the recommended

duration
● prescription of duplicate drug classes (e.g. two concur-

rent NSAIDs)
● medications that predictably increase the risk of falls

(e.g. benzodiazepines)

Finally, the START criteria consist of evidence-based indicators
of potential prescribing omission in older individuals with
specific medical conditions (e.g. laxatives in patients receiving
opioids regularly).

The Beers and STOPP criteria and ratings are not superimposable
although there is some degree of overlap between these tools like for
instance the major drug classes to avoid in older people (Table 3)
[83,84]. STOPP/STARTperformedbetter thanBeersatdetectingpoten-
tially inappropriate prescribing [85,86]. Furthermore, use of STOPP/
START criteria was associated with some evidence of reduced falls,
delirium episodes, hospital length of stay and primary or emergency
care visits [87–91].

Only a few studies have specifically focused on prescribing
issues beyond DDIs in older PLWH. In a retrospective study, 52%
of PLWH aged ≥60 (n = 89) had at least one inappropriate pre-
scription based on Beers criteria (2012) and 17% received a drug
with anticholinergic properties. Medication issues were higher in
PLWH compared to an age and sex-matched HIV-uninfected con-
trol group, although the latter had less comorbidity [52].

In a prospective study, 54% and 63% of PLWH aged ≥50 (n =
248) had inappropriate prescriptions using the STOPP (2008) and
Beers criteria (2012), respectively. The number of medications was
significantly associated with having a Beers or STOPP criteria iden-
tified. These prescription issues were corrected, but the impact of
the intervention was not evaluated [56].

In a retrospective study of SHCS, 69% of PLWH aged ≥75 (n = 111)
had at least one prescribing error. The analysis was performed using
several tools: Beers and STOPP/START criteria, Anticholinergic Risk
Scale [92], DDI checker (www.hiv-druginteractions.org), published
DDIs studies and package inserts. Overall, 169 prescribing issues
were detected and included: incorrect drug dosage (25%), absence
of indication (21%),medicationomission (19%),medicationnotappro-
priate in elderly (19%), deleterious DDIs (14%) and treatment duration
exceeding recommendations (2%). The proportion of patients with
more than one prescribing issuewas significantly higher in thosewith
polypharmacy [26].

Of interest, these studies show that prescribing issues in
older PLWH are more frequently observed for non-HIV drugs
and go beyond the well-known issue of DDIs with antiretro-
viral drugs suggesting the need for education on geriatric
medicine principles. Furthermore, prescribing issues in older
PLWH is at least as prevalent as in older HIV-uninfected peo-
ple. As expected, polymedicated patients with high comorbid-
ity burden are the most at risk. STOPP/START and Beers criteria

may serve as an aid to prescribing in elderly PLWH, especially
during medical training, but they should neither be
a substitute for careful clinical judgment based on knowledge
and experience, nor hinder a holistic individualized manage-
ment of PLWH, as these tools are mostly disease/drug-
oriented and do not address patients complexity and
specificities.

5.2. Prescribing cascade

A prescribing cascade occurs when an adverse drug reaction is
misinterpreted as a new medical condition, resulting in the
initiation of a potentially unnecessary drug therapy, which in
turn puts the patient at further risk of adverse reactions. The
prescription of levofloxacin and codeine for an ACE inhibitor-
induced cough misdiagnosed as a pneumonia, with subse-
quent Clostridium difficile diarrhea and confusion, is a typical
example of deleterious prescription cascade. First described in
1995 [93], the concept of prescribing cascade has been later
expanded to include over the counter medications as well as
medical devices, for instance, pacemaker device insertion for
a potentially reversible cholinesterase inhibitor-induced brady-
cardia [94,95]. Some well-established prescription cascades are
listed in Table 4 [96–98].

Elderly PLWH are particularly at risk population for prescrib-
ing cascades, since they are often both polymedicated and
particularly vulnerable to adverse drug reactions due to phar-
macokinetic, pharmacodynamic and homeostatic processes
changes with aging as discussed in section 2. In addition,
adverse drug reactions are more likely to be misinterpreted
as non-drug-related medical conditions in this population. For
instance, a metoclopramide-induced movement disorder may
be misdiagnosed as Parkinson’s disease in an elderly PLWH,
but less likely in a young patient as Parkinson’s disease is less
prevalent in younger people.

The very first step to prevent prescribing cascades lies in
the avoidance of adverse drug reactions. Preventable adverse
drug reactions, accounting for at least 30% of all adverse drug
reactions [110], are mostly related to prescription issues. Thus,
education and training in clinical pharmacology are of utmost
importance to ensure good prescribing, especially in the com-
plex and challenging field of geriatrics [111]. The second step
is the early recognition of adverse drug reactions. Any new
symptoms or signs should be considered as potentially drug-
related until proven otherwise, particularly if the drug has
been recently started or the dose increased [112]. Although
obvious in theory, causality assessment can be time-
consuming and challenging in elderly polymedicated PLWH
with multiple health-care providers, as it mainly relies on the
precise temporal relationship between drug exposures and
adverse reactions [62].

In case of a suspected adverse reaction, the recommended
strategies include: reconsidering the absolute need for the
suspected offending drug; reducing the dosage of the sus-
pected offending drug, as adverse-drug reactions are largely
dose-dependent; considering alternative safer drugs. The
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prescription of a new drug to treat an adverse drug reaction
should be a last resort option, yet in some cases unavoidable.

5.3. Drug–drug interactions with antiretroviral drugs

An important prescribing issue in elderly PLWH relates to DDIs
particularly with antiretroviral drugs. An analysis of the SHCS
comparing PLWH aged ≥50 and <50 years showed that the
frequency of DDIs was significantly higher in older compared

to younger PLWH (51% versus 35%) [59], similar observations
have been reported in other studies [52,53,113,114].
Antiretroviral drugs are recognized to be amongst the thera-
peutic agents with the highest potential for DDIs as these
drugs can be both a victim and a perpetrator of DDIs leading
to either a decreased or an increased exposure of the HIV drug
or the co-medication and consequently to treatment failure or
toxicity (Figure 1). The INIs raltegravir, dolutegravir, and bicte-
gravir, the NNRTIs rilpivirine and doravirine as well as the entry
inhibitor maraviroc undergo extensive hepatic metabolism but
have no inhibitory effects on drug metabolizing enzymes and
therefore have a low potential to cause DDIs. Conversely, the
NNRTIs efavirenz, etravirine, nevirapine induce drug metabo-
lizing enzymes, whereas ritonavir and cobicistat, used to boost
levels of PIs and the INI elvitegravir, inhibit drug metaboliz-
ing enzymes and drug transporters. It is noteworthy to men-
tion that ritonavir has also inducing properties whereas
cobicistat has none thereby explaining differences in their
interaction profiles [115]. For instance, the co-administration
of ritonavir and dabigatran has no significant effect on dabi-
gatran pharmacokinetics (mixed inducing and inhibitory
effects on the intestinal transporter P-glycoprotein (P-gp)
likely compensate each other) whereas cobicistat increases
the anticoagulant exposure by 127% (only inhibitory
effect on P-gp) [116] therefore co-administration is not
recommended.

Pharmacokinetic DDIs with antiretroviral drugs can occur at
the level of absorption, metabolism or elimination via several
mechanisms including (Figure 1):

● Changes in gastric pH: e.g. acid neutralizing agents sub-
stantially reduce the absorption of atazanavir [117] and
rilpivirine [118] as both antiretroviral drugs require a low

Table 3. Selected top 10 drug classes to avoid in elderly PLWH.

Drug class Problems/alternatives

First generation antihistamines
e.g. clemastine, diphenhydramine,
doxylamine, hydroxyzine

Strong anticholinergic properties, risk
of impaired cognition, delirium, falls,
peripheral anticholinergic adverse
reactions (dry mouth, constipation,
blurred vision, urinary retention).
Alternatives: cetirizine, desloratadine,
loratadine

Tricyclic antidepressants
e.g. amitriptyline, clomipramine,
doxepin, imipramine, trimipramine

Strong anticholinergic properties, risk
of impaired cognition, delirium, falls,
peripheral anticholinergic adverse
reactions (dry mouth, constipation,
blurred vision, urinary retention).
Alternatives: citalopram, escitalopram,
mirtazapine, venlafaxine

Benzodiazepines
Long and short acting
benzodiazepines
e.g. clonazepam, diazepam,
midazolam
Non-benzodiazepines hypnotics
e.g. zolpidem, zopiclone

Elderly are more sensitive to their
effect, risk of falls, fractures, delirium,
cognitive impairment, drug
dependency.
Use with caution, at the lowest dose
and for a short duration.
Alternatives: non-pharmacological
treatment of sleep disturbance/sleep
hygiene

Atypical antipsychotics
e.g. clozapine, olanzapine, quetiapine

Anticholinergic adverse reactions,
increased risk of stroke and mortality
(all antipsychotics).
Alternatives: aripiprazole, ziprasidone

Urological spasmolytic agents
e.g. oxybutynin, solifenacin,
tolterodine

Strong anticholinergic properties, risk
of impaired cognition, delirium, falls,
peripheral anticholinergic adverse
reactions (dry mouth, constipation,
blurred vision, urinary retention).
Alternatives: non-pharmacological
treatment (pelvic floor exercices)

Stimulant laxatives
e.g. senna, bisacodyl

Long-term use may cause bowel
dysfunction.
Alternatives: fibers, hydration, osmotic
laxatives

NSAIDs
e.g. diclofenac, indomethacin,
ketorolac, naproxen

Avoid regular, long-term use of
NSAIDs due to risk of gastrointestinal
bleeding, renal failure, worsening of
heart failure.
Alternatives: paracetamol, weak
opioids

Digoxin
Dosage > 0.125 mg/day

Avoid doses higher than 0.125 mg/day
due to risk of toxicity.
Alternatives for atrial fibrillation: beta-
blockers

Long acting sulfonylureas
e.g. glyburide, chlorpropamide

Can cause severe prolonged
hypoglycemia.
Alternatives: metformin or other
antidiabetic classes

Cold medications
Most of these products contain
antihistamines (e.g.
diphenhydramine) and
decongestants (e.g. phenylephrine,
pseudoephedrine)

First generation antihistamines can
cause central and peripheral
anticholinergic adverse reactions as
described above. Oral decongestants
can increase blood pressure.
Avoid

NSAID = nonsteroidal anti-inflammatory drug. Refer to Beers criteria [20] for
more exhaustive list.

Table 4. Common prescribing cascades in elderly individuals [99–109].

Initial treatment
Adverse drug

reaction Subsequent treatment

NSAID Rise in blood
pressure

Antihypertensive

ACE inhibitor Cough Cough suppressant;
antibiotic

Thiazide diuretic Hyperuricemia; gout Allopurinol; colchicine
Amlodipine Edema Diuretic
Beta-blocker Depression Antidepressant
Antihypertensive Dizziness Prochlorperazine
Erythromycin Arrhythmia Antiarrhythmic
Quinolone Delirium Antipsychotic
Cholinesterase
inhibitor

Incontinence Anticholinergic

Cholinesterase
inhibitor

Diarrhea Bismuth subsalicylate

Cholinesterase
inhibitor

Rhinorrhea Diphenhydramine

SSRI; SNRI Tremor Benzodiazepine
Tricyclic
antidepressant

Decreased cognition Cholinesterase inhibitor

Tricyclic
antidepressant

Constipation Laxative

Meperidine Delirium Antipsychotic
Lithium Tremor Propranolol
Metoclopramide Extrapyramidal effect Antiparkinsonian agent
Antipsychotic Extrapyramidal effect Antiparkinsonian agent

ACE, angiotensin-converting enzyme; NSAID, nonsteroidal anti-inflammatory
drug; SNRI, serotonin-norepinephrine reuptake inhibitor; SSRI, selective sero-
tonin reuptake inhibitor.
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pH for optimal solubility which may compromise their
efficacy.

● Chelation: e.g. divalent cations such as aluminum, cal-
cium, magnesium present in antacids, supplements, or
iron products form a complex with INIs, which may
impair their absorption and efficacy [119–121]. All INIs
contain an ion-chelating motif, which predispose them
to chelation with cations [122].

● Inhibition/induction of intestinal cytochrome P450 3A4
(CYP3A4) and/or intestinal transporters: e.g. PIs boosted with
cobicistat increase the absorption of dabigatran due to the
inhibition of the intestinal efflux transporters P-gp. This
results in higher systemic concentrations of dabigatran and
consequently an increased risk of bleeding [116].

● Inhibition/induction of hepatic CYPs and/or glucuronida-
tion enzymes and/or hepatic transporters: e.g. PIs boosted
with ritonavir or cobicistat increase, for instance, the
exposure of several statins via inhibition of CYP3A4
and/or hepatic transporters thereby increasing the risk
of myopathy or rhabdomyolysis [123].

● Inhibition of renal tubular transporters: e.g. dolutegravir
and bictegravir inhibit the uptake of metformin in the
tubular cells via the organic cation transporter OCT2
whereas cobicistat and ritonavir inhibit the secretion of
metformin in the urine via the multidrug and toxin
extrusion protein MATE1 thereby increasing the expo-
sure of the antidiabetic drug [124,125]. Thus, concomi-
tant use of high doses of metformin is not
recommended, also close monitoring is warranted in
patients with renal impairment due to the risk of met-
formin-related lactic acidosis.

Pharmacodynamic DDIs, whereby the co-administration of drugs
with similar toxicity profiles results in additive risk for drug-related

adverse events, may also occur with antiretroviral drugs. For
instance, TDF has been associated with both acute and chronic
renal toxicity [46,126]. Thus, co-administration of nephrotoxic
medications can increase the risk of nephrotoxicity in PLWH parti-
cularly in case of pre-existing renal dysfunction (as often observed
in elderly PLWH) or in case of long treatment duration [127].
However, co-administration with nephrotoxic agents is unlikely
to be of concern for TAF, as this second-generation prodrug
achieves higher concentrations of the active moiety in the lym-
phocytes but results in 90% lower systemic levels of tenofovir
compared to TDF [128].

Consistent with age-dependent comorbidities encountered
in elderly PLWH, DDIs with antiretroviral therapy are fre-
quently observed with cardiovascular drugs, psychotropic
drugs or gastrointestinal drugs [49,53,59,113,114] particularly
with boosted regimens. When possible, antiretroviral drugs
with a lower potential for DDIs such as unboosted INIs, dor-
avirine or rilpvirine should be favored (Figure 2). Selected DDIs
between antiretroviral drugs and various co-medications com-
monly prescribed in elderly PLWH or DDIs of particular clinical
relevance (i.e. anti-tuberculosis drugs) as well as recommenda-
tions on how to manage these DDIs are presented in Table 5.
Additional DDIs or detailed information of the selected DDIs
can be found in the HIV drug interactions database from the
University of Liverpool [129]. Other freely available electronic
resources to check DDIs with HIV drugs include the Toronto
General Hospital immunodeficiency Clinic’s drug therapy
guide [130] and the University of California HIVInSite website
[131]. DDIs between non-HIV drugs can be checked for
instance in Micromedex [132] or Lexicomp [133].

A limited number of drug combinations are evaluated in
clinical studies, thus guidance on the management of DDIs
is mostly theoretical or is lacking, particularly when admin-
istering concomitantly several drugs, which may interact
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Metabolism

Excretion

Inhibition/induction intestinal cytochromes

or drug transporters

Change gastric pH

Chelation with mineral

supplements

Inhibition of renal drug

transporters

Inhibition/induction of hepatic cytochromes,

glucuronidation, or drug transporters

bictegravir

dolutegravir

elvitegravir/c

raltegravir

atazanavir

rilpivirine

doravirine

rilpivirine

bictegravir

Tenofovir

(TDF, TAF)

maraviroc

doravirine

rilpivirine

bictegravir

dolutegravir

raltegravir

maraviroc

tenofovir bictegravir

dolutegravir

cobicistat

ritonavir

PI/r

PI/c

elvitegravir/c
PI/r

PI/c

elvitegravir/c

efavirenz

etravirine

nevirapine

liver
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small
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Figure 1. Mechanisms of drug–drug interactions with antiretroviral drugs. c = cobicistat; PI = protease inhibitor; r = ritonavir; TAF = tenofovir alafenamide; TDF =
tenofovir disoproxil fumarate. Victim = antiretroviral drugs victim (impacted) of DDIs; perpetrator = antiretrovirals drugs causing DDIs.
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mutually. Thus, the knowledge of the metabolic pathway
of a given drug is essential to predict the likelihood of
having a clinically significant interaction. DDIs of large
magnitude are generally expected when the major meta-
bolic pathway is inhibited or induced by strong inhibitors
or inducers. Conversely, DDIs tend to be mitigated for
drugs eliminated by multiple enzymes or pathways as
metabolism and elimination can still occur through the
unaffected pathways [163]. Another issue is that DDIs stu-
dies are mostly performed in healthy volunteers or PLWH
with minimal or limited comorbid conditions so that avail-
able data may not apply to older PLWH with declining
organ functions, multiple morbidities, medication intoler-
ability, complex drug regimens, and frailty. In addition, it is
unknown whether older age influences the extent of CYP
mediated inhibition or induction. Induction of verapamil
by rifampicin was shown to be similar in healthy elderly
individuals (mean age of 67 years) compared to young
controls [164] however it is unclear whether this observa-
tion applies to older frail PLWH thus highlighting the need
for more studies.

The presence of age-related comorbidities increases not
only the risk of DDIs between HIV drugs and co-medications
or between co-medications but also the risk of drug–disease
interactions whereby a medication recommended for one
condition may adversely affect another coexisting condition
[165]. For instance, the prescription of corticosteroids could
aggravate an existing diabetes mellitus [166] or the use of TDF
could worsen changes in bone mineral density in PLWH with
osteoporosis [167]. Thus, the choice of antiretroviral drugs is

limited in elderly PLWH by not only the co-medications in use
but also the presence of comorbidities. TDF should be avoided
in patients with existing kidney or bone diseases and abacavir
in those at high risk for cardiovascular diseases [46,167,168].
Of interest, the presence of multimorbidity and polypharmacy
in elderly PLWH was associated with a higher likelihood of
prescribing mono- or dual antiretroviral therapies sparing
NRTIs/NtRTIs, notably TDF suggesting that HIV clinicians are
concerned about long-term toxicities and tailor antiretroviral
treatments to prevent comorbidities [30,169]. However, it
should be noted that dual HIV regimens can only be used in
specific conditions (e.g. dolutegravir/rilpivirine in patients who
are virologically suppressed on a stable antiretroviral regimen
for at least six months with no history of virological failure and
no pre-existing drug resistance) whereas monotherapies are
not recommended by any guidelines.

In summary, DDIs are practically unavoidable in elderly
PLWH given the life-long antiretroviral treatments and the
higher prevalence of non-HIV polypharmacy related to more
age-related comorbidities. Thus, the recognition, prevention,
and management of DDIs remain a key priority in HIV care.
The potential for DDIs needs to be considered systematically
when selecting an antiretroviral regimen or when adding any
new co-medication to an existing HIV treatment with particu-
lar attention to adjust dosage or perform clinical monitoring
when needed. In this regard, searchable online drug interac-
tions databases constitute valuable tools to recognize and
manage unwanted DDIs in clinical practice. Furthermore, edu-
cational programs should be promoted to improve awareness
on the issue of DDIs, and communication between prescribers

Efavirenz
Rilpivirine Doravirine

no interaction Interaction of weak clinical relevance

interaction of clinical relevance deleterious interaction

boosted ARV BictegravirRaltegravir Dolutegravir

Etravirine

Figure 2. Drug–drug interactions profiles of several antiretroviral drugsa. a = the interaction profiles are based on 700 co-medications listed in the Liverpool HIV
drug interactions website (www.hiv-druginteractions.org) [129]. Selected antiretroviral drugs undergo enzyme-mediated metabolism and some of these antire-
troviral drugs have inhibitory/inducing properties. Note: interactions of weak clinical relevance do not require any particular action whereas interactions of clinical
relevance may require a dose adjustment or clinical monitoring to manage the interaction. Boosted ARV = boosted antiretroviral drugs include protease inhibitors
boosted with ritonavir (PI/r) or with cobicistat (PI/c) and elvitegravir/c.
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Table 5. Selected drug–drug interactions of interest in elderly PLWH.

Drug class ARV Comments/recommendations

Antacids
H2-receptor blockers
Proton pump inhibitors

Atazanavir
Rilpivirine

Solubility of ARV decreases as pH increases [117,118]. Administration recommendations:

● Antacids: ATV: 2 h before or after antacid; RPV: 4 h before or 2 h after antacid
● H2-receptor blockers: ATV: simultaneous administration or >10 h after H2-blocker. The dose of H2-blocker

should not exceed the equivalent of 40 mg famotidine twice daily (treatment-naïve patients) or the
equivalent of 20 mg famotidine twice daily (treatment-experienced patients); RPV: 4 h before or 12 h after
H2-blocker

● Proton pump inhibitors: contraindicated

Antacids
Mineral supplements
(iron,calcium, magnesium)

Bictegravir
Dolutegravir
Elvitegravir/c
Raltegravir

Integrase inhibitors form a complex with divalent cations at the level of the gastrointestinal tract, thus reducing
their absorption [119–121,134]. Administration recommendations:

● BIC: 2 h before antacid (fasted); simultaneous with mineral supplements (fed)
● DTG: 2 h before or 6 h after antacids or mineral supplements
● EVG/c: separate by 4 h from antacids or mineral supplements
● RAL: not recommended with aluminum and magnesium containing antacids. Co-administration possible

with calcium carbonate-containing antacids but only with RAL BID. Separate by 4 h from mineral supple-
ments, only administration of RAL BID possible.

Corticosteroidsa Boosted PI
Elvitegravir/c

Inhibition of steroids metabolism increases the risk of Cushing syndrome (CS). Risk is not limited to oral
administration but may also occur after topical, ocular, intra-articular or intrathecal administration of steroids
[135,136]. A dose reduction of corticosteroid does not eliminate the risk of CS. Avoid boosted HIV drugs when
possible or, if unavoidable, use a corticosteroid with a lower propensity to cause CS with periodic control of
cortisol.

● Budenoside, fluticasone, triamcinolone, mometasone: contraindicated
● Beclomethasone, methylprednisolone, hydrocortisone: can be used with boosted regimens
● Dexamethasone can reduce the exposure of boosted HIV drugs particularly if used at high doses and for

a long duration. Use with caution

Antidepressantsa Boosted PI
Elvitegravir/c

Increased exposure of tricyclic antidepressants due to inhibition of metabolism. Furthermore, tricyclic
antidepressants are not recommended in elderly due to peripheral (constipation, orthostatic hypotension) and
central (sedation, confusion, delirium) anticholinergic adverse reactions [20,21]. Avoid regardless of DDIs with
boosted HIV drugs.

● Selective serotonin reuptake inhibitors exposure can be increased [137]. Titrate to effect. Caution is needed
when combining escitalopram or citalopram with ATV, LPV, or SQV due to the risk of QT interval
prolongation associated with these drugs.

Benzodiazepinesa Boosted PI
Elvitegravir/c

Increased exposure of benzodiazepines due to inhibition of metabolism. Furthermore, elderly have an increased
sensitivity and consequently are at increased risk of cognitive impairment, delirium, falls; therefore,
benzodiazepines should be avoided when possible [20,21].

● Midazolam, triazolam: contraindicated
● Other benzodiazepines: use at the lowest dose and for a short duration.

Vitamine K antagonistsa Boosted PI
Elvitegravir/c

DDIs are expected with boosted HIV drugs due to inhibition/induction of CYPs but can be managed by close INR
monitoring [138–142].

● Dose adjustments may be needed when switching pharmacokinetic booster as ritonavir has inducing
properties on cytochromes, whereas cobicistat does not [115].

Direct-acting anticoagulantsa Boosted PI
Elvitegravir/c

Direct-acting anticoagulants are substrates of CYPs and/or transporters and therefore are subject to significant
DDIs. Their anticoagulant effect cannot be measured routinely and data on management of DDIs are limited
[116,143–145].

● Apixaban, rivaroxaban: avoid
● Dabigatran: co-administration is possible with PI boosted with ritonavir but is not possible with cobicistat

boosting
● Edoxaban: consider a dose reduction from 60 to 30 mg

Antiplateletsa Boosted PI
Elvitegravir/c

● Aspirin: no DDIs
● Clopidogrel: boosted HIV drugs alter antiplatelet effect. Coadministration with boosted regimens is not

possible; use alternative antiplatelet agents or unboosted regimens [146–148].
● Prasugrel: boosted HIV drugs do not alter antiplatelet effect. Coadministration with boosted regimens is

possible [148].
● Ticagrelor: contraindicated as boosted HIV drugs may substantially increase ticagrelor concentrations and

the related risk of bleeding.

ACE inhibitors Boosted PI
Elvitegravir/c

ACE inhibitors undergo minimal metabolism and therefore do not interact with boosted HIV drugs.

Beta-blockers Boosted PI
Elvitegravir/c

● Limited pharmacokinetic interactions with boosted HIV drugs. However, PR interval monitoring may be
warranted in patients with underlying block or those with atrioventricular nodal blocking agents [149] in
case of coadministration with ATV, LPV, SQV due to a potential additive effect on PR interval.

Calcium channel inhibitorsa Boosted PI
Elvitegravir/c

Inhibition of metabolism increases calcium channel inhibitors concentrations and thereby the hypotensive
effect.

● Start at a lower dose and titrate based on response to therapy. A 50% dose reduction may be considered for
amlodipine and diltiazem [150,151].

● Lercanidipine: contraindicated

(Continued )
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should be encouraged to prevent deleterious drug
associations.

6. Conclusion

The graying of the HIV epidemic brings new challenges in the
treatment of patients. Available data indicate that inappropri-
ate prescribing is common in older PLWH thus highlighting
the need for education on prescribing principles in elderly as
well as interventions to prevent unnecessary polypharmacy
and harmful medications. In addition, the under-
representation of elderly PLWH in clinical trials leads to
a poor understanding on drug pharmacokinetics, DDIs or

drug responses in this vulnerable, growing population thus
future research is warranted to address this gap.

7. Expert opinion

The high prevalence of inappropriate prescribing in elderly PLWH
is likely due tomultiple factors comprising: prescriber-limited train-
ing in geriatric pharmacotherapy, multiple prescribers, and busy
work environments limiting the time allocated for prescribing.

Although the age demographic is shifting, pre-graduate
and post-graduate training on geriatric medicine principles
remains limited thus efforts should be made to address this
educational gap. The Beers and STOPP/START criteria can

Table 5. (Continued).

Drug class ARV Comments/recommendations

Diureticsa Boosted PI
Elvitegravir/c

● Thiazide-type diuretics: no DDIs
● Eplerenone: contraindicated with boosted HIV due to the increase in exposure and related risk of hyper-

kaliemia

Statinsa Boosted PI
Elvitegravir/c

Can significantly increase the exposure of some statins and the related risk of myopathy or rhabdomyolysis [123].

● Simvastatin, lovastatin: contraindicated
● Other statins: start with low dose and titrate to effect. Use of standard dose is possible with pitavastatin

[152]. ATV is a strong inhibitor of the hepatic uptake transporter OATP1B1 resulting in large magnitude DDIs
with statins. Atorvastatin and rosuvastatin doses should not exceed 10 mg daily with ATV.

Antidiabeticsa Boosted PI
Bictegravir
Elvitegravir/c
Dolutegravir

● Sulfonylureas: potential increase in concentrations with boosted HIV drugs, monitor effect and reduce
sulfonylureas dose if needed.

● Metformin: DTG> BIC increase metformin exposure due to inhibition of renal transporter OCT2. Consider
adjusting metformin dose when starting DTG. With BIC: no need to adjust dose in patients with normal renal
function otherwise close monitoring is advised [124,125].

● Saxagliptin: maximal daily dose: 2.5 mg
● Dapagliflozin, empagliflozin, exenatide, linagliptin, liraglutide, sitagliptin, vildagliptin: no clinically relevant

DDIs

Cancer drugsa Boosted PI
Elvitegravir/c

Multiple cancer drugs are metabolized by cytochromes and therefore are subject to significant DDIs leading to
toxicities. Limited data to guide DDIs management [153–155].

● Favor ARVs with a low potential for metabolic DDIs when possible (Figure 2)

Erectile dysfunction agentsa Boosted PI
Elvitegravir/c

Can significantly increase the exposure and cause drop in blood pressure. Use with caution [156,157].

● Sildenafil: 25 mg every 48 h
● Tadalafil: 10 mg every 72 h
● Vardenafil: 2.5 mg every 72 h

Begnin prostatic hyeperplasia

drugsa

Boosted PI
Elvitegravir/c

Exposure increased due to inhibition of metabolism.

● 5-Alpha reductase inhibitors: consider reduction in dutasteride dosing frequency if adverse reactions are
noted; no dose adjustment needed for finasteride due to wide safety margin [158]

● Alpha adrenergic antagonists: alfuzosin is contraindicated given the increased risk of orthostatic hypoten-
sion; doxazosin and prazosin: start at lowest dose and titrate until effect is reached; tamsulosin: start at
0.4 mg/day and monitor blood pressure [158]

Nonsteroidal anti-
inflammatory drugs

TDF Coadministration may increase the risk of nephrotoxicity [159].
● Avoid long-term use and perform close monitoring of renal function.

Rifampicin, rifabutin PI/r
PI/c
Elvitegravir/c
Bictegravir
Dolutegravir
Raltegravir
Doravirine
Etravirine

Rilpivirine
Efavirenz

● Contraindicated with rifampicin, alternative rifabutin 150 mg once daily
● Contraindicated with rifampicin, alternative rifabutin 150 mg every other day
● Contraindicated with rifampicin, alternative rifabutin 150 mg every other day
● Contraindicated with rifampicin and rifabutin
● Dolutegravir 50 mg twice daily with rifampicin, dolutegravir 50 mg once daily with rifabutin [160]
● Raltegravir 400 or 800 mg twice daily with rifampicin [161], raltegravir 400 mg twice daily with rifabutin
● Contraindicated with rifampicin, alternative doravirine 100 mg twice daily with rifabutin
● Contraindicated with rifampicin, alternative rifabutin 300 mg once daily (if etravirine is administered without

PI)
● Contraindicated with rifampicin and rifabutin
● Efavirenz 600 mg once daily with rifampicin [162], increase daily dose rifabutin by 50% in the presence of

efavirenz

ARV = antiretroviral drug; ATV = atazanavir; BIC = bictegravir; c = cobicistat; CYP = cytochromes; DDI = drug-drug interaction; DTG = dolutegravir; EVG/c =
elvitegravir/cobicitat; LPV = lopinavir; OCT2 = organic cation transporter; PI = protease inhibitor; PI/c = protease inhibitor boosted with cobicistat, PI/r = protease
inhibitor boosted with ritonavir, RAL = raltegravir; RPV = rilpivirine; SQV = saquinavir; TDF = tenofovir disoproxil fumarate.

aNon-nucleoside reverse transcriptase inhibitors such as efavirenz, etravirine and nevirapine can lower the exposure. For more information on DDIs, refer to the
University of Liverpool HIV drug interactions website: www.hiv-druginteractions.org [129]
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provide an aid in detecting potential inappropriate prescribing
in elderly PLWH; however, these tools are not meant to
replace clinical judgment. Furthermore, their use can be time-
consuming and limit their application in busy clinical environ-
ments. The development of computerized decision support
systems, integrating the patient’s drug history and specific
clinical information as well as drug information references
and guidelines, is warranted to efficiently assist clinicians
with appropriate prescribing.

A multidisciplinary team comprising HIV specialists, ger-
iatricians, and clinical pharmacologists/pharmacists is
recommended to optimize treatments of multimorbid
elderly PLWH. In this regard, several interventions can be
applied to prevent/limit inappropriate prescribing includ-
ing (Table 6) [68,170]:

● Medication reconciliation: this process aims at providing
the most up-to-date list of medications that the patient
is taking. The ‘brown bag’ review, where the patient is
asked to bring all his medications to the visit, has proved
useful in this process.

● Medication review: this process implies to check whether
the indication of each medication is still relevant and
adapted to the care goals, whether the dosing is adequate
(e.g. drugs adapted to the renal function of the patient)
and whether the treatment duration is correct. In addition,
DDIs with antiretroviral drugs or between non-HIV drugs
should be screened systematically using available online
tools (i.e. Liverpool HIV DDIs database, Toronto General
Hospital HIV drug therapy guide; University of California
HIVInsite website, Micromedex, Lexicomp). Drug–disease
interactions and drug omission should be checked con-
sidering the patient’s comorbidities. Adverse drug reac-
tions should be actively looked for and, in case of
adverse drug reactions, the suspected agent should be
discontinued or reduced. The principle ‘start low and go
slow’ should be applied whenever possible. Particular
attention should be paid to choose drugs with the highest
therapeutic index; drugs covering multiple indications to
simplify treatment as much as possible (e.g. angiotensin-
converting enzyme inhibitors treat both hypertension and
systolic heart failure). Finally, due to the occurrence of
visual and motor disabilities with aging, drug formulations

such as drops as well as pills requiring splitting or large
size pills should be avoided.

● Medication prioritization: a balance is required between
over- and under-prescribing. Several medications are
often required to manage elderly individuals with multi-
ple conditions. Decision to prescribe is often based on
disease-specific clinical practice guidelines, which may
result in care that is impractical or harmful particularly if
the guidelines are not interpreted critically considering
the clinical context of a specific patient [171,172]. For
a hypothetical elderly patient with chronic obstructive
pulmonary disease, diabetes mellitus, osteoporosis,
hypertension and arthrosis, clinical practice guidelines
would require prescribing 12 different medications
[171]. Thus, the appropriateness of pharmacological treat-
ments should be assessed critically and tailored to the
needs of individuals (patient-centered care) [173]. The
decision to prescribe should consider the risk/benefit of
each medication, the care goals, the remaining life expec-
tancy and current level of functioning as well as the
patient preference, particularly in frail individuals.

In this context, the concept of deprescribing has gained increas-
ing attention as a means to reduce unnecessary/inappropriate
polypharmacy in elderly individuals [174,175]. Deprescribing is
the act of tapering and/or stopping drugs whose potential
harms outweigh benefits under the close supervision of health-
care providers. The decision to discontinue a treatment should
take into account the indication and the tolerance of the med-
ication, the potential for DDIs and the treatment goals for
a given patient. Despite proven benefits, clinicians are often
reluctant to stop medications, especially if they did not initiate
the treatment, and the patient seems to be tolerating the med-
ication, maybe due to some subjective irrational fear for poten-
tial deleterious consequences. On the other hand, deprescribing
can also be interpreted by the patient and the family as ‘giving
up care’, especially if adequate explanation is not provided.

Freely accessible resources to help deprescribe are avail-
able [176,177].

Finally, adapted consultation length to allow sufficient time for
medication reconciliation, review and counseling should be
encouraged to reduce the risk of inappropriate prescribing.
However, this approach might be difficult to implement

Table 6. Interventions to limit the risk of polypharmacy and inappropriate prescribing.

1) Medication reconciliation
• Establish list of current prescription and over-the-counter drugs to be updated at each medical visit

2) Periodic medication review
• Check indication => discontinuation of unnecessary drugs
• Check dosing of medications => simplification of dosing regimen when possible
• Check duration of treatment => compliance with recommendations
• Check for DDIs: HIV/non-HIV comedications + non-HIV/non-HIV comedications
• Check for drug–disease interactions
• Check for drug duplication
• Check for missing medicine
• Check for inappropriate drugs for use in elderly
• Check for medications treating adverse effects of other medications

3) Medication prioritization
• Consider risk/benefit of each medication within the context of a given patient’s care goals, current level of functioning, life expectancy, and preference

DDIs = drug–drug interactions.
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considering thepressure fromhospitals andhealth-care systems to
reduce consultation times.

Future research should aim at specifically including PLWH
aged ≥65 years to better document drug pharmacokinetics,
pharmacodynamics, and DDIs and thereby prevent unwanted
drug effects in this vulnerable, growing population. In addition,
efforts should be made to understand how comorbidities cluster
together. This would enable to develop targeted interventions
and guidelines addressing more specifically the needs of PLWH
with multiple comorbidities. Randomized clinical studies evalu-
ating strategies to reduce unnecessary polypharmacy and their
impact on the quality of life of aging PLWH are warranted.

From a clinical standpoint, the development and validation
of computerized prescription systems combining several tools
to screen for inappropriate drug use, drug omission, incorrect
dosing, and DDIs are needed to be able to efficiently perform
medication reviews and assist clinicians with the identification
and prevention of prescribing errors. Of interest, the European
Union funded the SENATOR and OPERAM clinical trials to
examine the impact of software engines integrating several
prescribing tools in reducing medication-related morbidity,
avoidable costs and re-hospitalization in older individuals
with multiple comorbidities [178,179]. The trials are ongoing,
more information can be found in Clinical.Trials.gov under the
following registration numbers: NCT02097654 (SENATOR) and
NCT02986425 (OPERAM). These prescriptions systems may
serve as a starting point for the development of a prescription
tool adapted to elderly PLWH.

Funding

C Marzolini has been supported by a grant of the Swiss National
Foundation (Grant number 166204), the OPO Foundation, and the Isaac
Dreyfus Foundation.

Declaration of interest

The authors have no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with
the subject matter or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or options, expert
testimony, grants or patents received or pending, or royalties.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose.

References

Papers of special note have been highlighted as either of interest (•) or of
considerable interest (••) to readers.

1. Antiretroviral Therapy Cohort C. Survival of HIV-positive patients start-
ing antiretroviral therapy between 1996 and 2013: a collaborative
analysis of cohort studies. Lancet HIV. 2017 Aug;4(8):e349–56.
PubMed PMID: 28501495; PubMed Central PMCID: PMC5555438.

2. Gueler A, Moser A, Calmy A, et al. Life expectancy in HIV-positive
persons in Switzerland: matched comparison with general
population. Aids. 2017 Jan 28;31(3):427–436. PubMed PMID:
27831953; PubMed Central PMCID: PMC5302412.

3. Samji H, Cescon A, Hogg RS, et al. Closing the gap: increases in life
expectancy among treated HIV-positive individuals in the United
States and Canada. PLoS One. 2013;8(12):e81355. PubMed PMID:
24367482; PubMed Central PMCID: PMC3867319.

4. Wandeler G, Johnson LF, Egger M. Trends in life expectancy of
HIV-positive adults on antiretroviral therapy across the globe: compar-
isons with general population. Curr Opin HIV AIDS. 2016 Sep;11
(5):492–500. PubMed PMID: 27254748; PubMed Central PMCID:
PMC5055447.

5. Guaraldi G, Zona S, Brothers TD, et al. Aging with HIV vs. HIV
seroconversion at older age: a diverse population with distinct
comorbidity profiles. PLoS One. 2015;10(4):e0118531. PubMed
PMID: 25874806; PubMed Central PMCID: PMC4395353.

6. Smit M, Brinkman K, Geerlings S, et al. Future challenges for clinical
care of an ageing population infected with HIV: a modelling study.
Lancet Infect Dis. 2015 Jul;15(7):810–818. PubMed PMID: 26070969;
PubMed Central PMCID: PMC4528076.

7. Smit M, Cassidy R, Cozzi-Lepri A, et al. Projections of
non-communicable disease and health care costs among
HIV-positive persons in Italy and the U.S.A.: a modelling study.
PLoS One. 2017;12(10):e0186638. PubMed PMID: 29059202;
PubMed Central PMCID: PMC5653300.

8. World Health Organization. Definition of an older or elderly person;
[Cited 2019 Mar 23]. https://www.who.int/healthinfo/survey/ageingdef
nolder/en/

9. Mangoni AA, Jackson SH. Age-related changes in pharmacokinetics
and pharmacodynamics: basic principles and practical applications.
Br J Clin Pharmacol. 2004 Jan;57(1):6–14. PubMed PMID: 14678335;
PubMed Central PMCID: PMC1884408.

10. Stader F, Siccardi M, Battegay M, et al. Repository describing an
aging population to inform physiologically based pharmacokinetic
models considering anatomical, physiological, and biological
age-dependent changes. Clin Pharmacokinet. 2019 Apr;58
(4):483–501. PubMed PMID: 30128967.

11. Polasek TM, Patel F, Jensen BP, et al. Predicted metabolic drug
clearance with increasing adult age. Br J Clin Pharmacol. 2013
Apr;75(4):1019–1028. PubMed PMID: 22924488; PubMed Central
PMCID: PMC3612720.

12. Calza L, Colangeli V, Magistrelli E, et al. Plasma trough concentra-
tions of darunavir/ritonavir and raltegravir in older patients with
HIV-1 infection. HIV Med. 2017 Aug;18(7):474–481. PubMed PMID:
28116848.

13. Crawford KW, Spritzler J, Kalayjian RC, et al. Age-related changes in
plasma concentrations of the HIV protease inhibitor lopinavir. AIDS
Res Hum Retroviruses. 2010 Jun;26(6):635–643. PubMed PMID:
20560793; PubMed Central PMCID: PMC2932550.

14. Winston A, Jose S, Gibbons S, et al. Effects of age on antiretroviral
plasma drug concentration in HIV-infected subjects undergoing
routine therapeutic drug monitoring. J Antimicrob Chemother.
2013 Jun;68(6):1354–1359. PubMed PMID: 23435690.

15. Dumond JB, Adams JL, Prince HM, et al. Pharmacokinetics of two
common antiretroviral regimens in older HIV-infected patients:
a pilot study. HIV Med. 2013 Aug;14(7):401–409. PubMed PMID:
23433482; PubMed Central PMCID: PMC3664258.

16. Elliot ER, Wang X, Singh S, et al. Increased dolutegravir peak con-
centrations in people living with human immunodeficiency virus
aged 60 and over, and analysis of sleep quality and cognition. Clin
Infect Dis. 2019 Jan 1;68(1):87–95. PubMed PMID: 29771285.

17. Wooten JM. Pharmacotherapy considerations in elderly adults.
South Med J. 2012 Aug;105(8):437–445. PubMed PMID: 22864103.

18. Jansen PA, Brouwers JR. Clinical pharmacology in old persons.
Scientifica (Cairo). 2012;2012: 723678. PubMed PMID: 24278735;
PubMed Central PMCID: PMC3820465.

19. Albrecht S, Ihmsen H, Hering W, et al. The effect of age on the
pharmacokinetics and pharmacodynamics of midazolam. Clin
Pharmacol Ther. 1999 Jun;65(6):630–639. PubMed PMID: 10391668.

20. American Geriatrics Society Beers Criteria® update expert panel.
American geriatrics society 2019 updated AGS beers criteria® for
potentially inappropriate medication use in older adults. J Am
Geriatr Soc. 2019 Apr;67(4):674–694.

12 C. MARZOLINI AND F. LIVIO

https://www.who.int/healthinfo/survey/ageingdefnolder/en/
https://www.who.int/healthinfo/survey/ageingdefnolder/en/


• Latest version of the Beers criteria for the screening of inap-
propriate prescribing.

21. O’Mahony D, O’Sullivan D, Byrne S, et al. STOPP/START criteria for
potentially inappropriate prescribing in older people: version 2.
Age Ageing. 2015 Mar;44(2):213–218. PubMed PMID: 25324330;
PubMed Central PMCID: PMC4339726.

• Latest version of the STOPP/START criteria for the screening of
inappropriate prescribing.

22. Diem SJ, Ewing SK, Stone KL, et al. Use of non-benzodiazepine
sedative hypnotics and risk of falls in older men. J Gerontol Geriatr
Res. 2014 Jul 1;3(3):158. PubMed PMID: 25587493; PubMed Central
PMCID: PMC4289612.

23. Glass J, Lanctot KL, Herrmann N, et al. Sedative hypnotics in older
people with insomnia: meta-analysis of risks and benefits. Bmj.
2005 Nov 19;331(7526):1169. PubMed PMID: 16284208; PubMed
Central PMCID: PMC1285093.

24. Ruxton K, Woodman RJ, Mangoni AA. Drugs with anticholinergic
effects and cognitive impairment, falls and all-cause mortality in
older adults: a systematic review and meta-analysis. Br J Clin
Pharmacol. 2015 Aug;80(2):209–220. PubMed PMID: 25735839;
PubMed Central PMCID: PMC4541969.

25. Rubin LH, Radtke KK, Eum S, et al. Cognitive burden of common
non-antiretroviral medications in HIV-infected women. J Acquir
Immune Defic Syndr. 2018 Sep 1;79(1):83–91. PubMed PMID:
29781879; PubMed Central PMCID: PMC6092212.

26. Livio F, Rrustemi F, Moffa G, et al. Polypharmacy, drug-drug inter-
actions and potentially inappropriate prescribing in elderly patients
of the Swiss HIV Cohort Study. 19th International Workshop on
Clinical Pharmacology of Antiviral Therapy; May 22–24; Baltimore;
2018.

• Comprehensive analysis of prescribing issues in elderly PLWH
of the SHCS.

27. Kidney Disease: Improving Global Outcomes Hepatitis CWG. KDIGO
2018 clinical practice guideline for the prevention, diagnosis, eva-
luation, and treatment of hepatitis C in chronic kidney disease.
Kidney Int Suppl. 2018 Oct;8(3):91–165. PubMed PMID: 30675443;
PubMed Central PMCID: PMC6336217.

28. Raman M, Middleton RJ, Kalra PA, et al. Estimating renal function in
old people: an in-depth review. Int Urol Nephrol. 2017 Nov;49
(11):1979–1988. PubMed PMID: 28913589; PubMed Central
PMCID: PMC5643354.

29. Vass M, Hendriksen C. Medication for older people–aspects of rational
therapy from the general practitioner’s point of view. Z Gerontol
Geriatr. 2005 Jun;38(3):190–195. PubMed PMID: 15965793.

30. Allavena C, Hanf M, Rey D, et al. Antiretroviral exposure and
comorbidities in an aging HIV-infected population: the challenge
of geriatric patients. PLoS One. 2018;13(9):e0203895. PubMed
PMID: 30240419; PubMed Central PMCID: PMC6150468.

31. Hasse B, Ledergerber B, Furrer H, et al. Morbidity and aging in
HIV-infected persons: the Swiss HIV cohort study. Clin Infect Dis.
2011 Dec;53(11):1130–1139. PubMed PMID: 21998280.

32. Cuzin L, Katlama C, Cotte L, et al. Ageing with HIV: do comorbidities
and polymedication drive treatment optimization? HIV Med. 2017
Jul;18(6):395–401. PubMed PMID: 28858437.

33. Kendall CE, Wong J, Taljaard M, et al. A cross-sectional,
population-based study measuring comorbidity among people liv-
ing with HIV in Ontario. BMC Public Health. 2014 Feb 13;14:161.
PubMed PMID: 24524286; PubMed Central PMCID: PMC3933292.

34. Kooij KW, Vogt L, Wit F, et al. Higher prevalence and faster pro-
gression of chronic kidney disease in human immunodeficiency
virus-infected middle-aged individuals compared with human
immunodeficiency virus-uninfected controls. J Infect Dis. 2017
Sep 15;216(6):622–631. PubMed PMID: 28934420.

35. Mahale P, Engels EA, Coghill AE, et al. Cancer risk in older persons
living with human immunodeficiency virus infection in the United
States. Clin Infect Dis. 2018 Jun 18;67(1):50–57. PubMed PMID:
29325033; PubMed Central PMCID: PMC6248478.

36. Paisible AL, Chang CC, So-Armah KA, et al. HIV infection, cardiovas-
cular disease risk factor profile, and risk for acute myocardial
infarction. J Acquir Immune Defic Syndr. 2015 Feb 1;68

(2):209–216. PubMed PMID: 25588033; PubMed Central PMCID:
PMC4441201.

37. Rasch MG, Helleberg M, Feldt-Rasmussen B, et al. Increased risk of
dialysis and end-stage renal disease among HIV patients in
Denmark compared with the background population. Nephrol
Dial Transplant. 2014 Jun;29(6):1232–1238. PubMed PMID:
23975841.

38. Schouten J, Wit FW, Stolte IG, et al. Cross-sectional comparison of
the prevalence of age-associated comorbidities and their risk fac-
tors between HIV-infected and uninfected individuals: the AGEhIV
cohort study. Clin Infect Dis. 2014 Dec 15;59(12):1787–1797.
PubMed PMID: 25182245.

39. Sico JJ, Chang CC, So-Armah K, et al. HIV status and the risk of
ischemic stroke among men. Neurology. 2015 May 12;84
(19):1933–1940. PubMed PMID: 25862803; PubMed Central
PMCID: PMC4433456.

40. Silverberg MJ, Lau B, Achenbach CJ, et al. Cumulative incidence of
cancer among persons with HIV in North America: a cohort study.
Ann Intern Med. 2015 Oct 6;163(7):507–518. PubMed PMID:
26436616; PubMed Central PMCID: PMC4711936.

41. Tripathi A, Liese AD, Winniford MD, et al. Impact of clinical and
therapeutic factors on incident cardiovascular and cerebrovascular
events in a population-based cohort of HIV-infected and non-HIV-
infected adults. Clin Cardiol. 2014 Sep;37(9):517–522. PubMed
PMID: 25223811.

42. Appay V, Sauce D. Immune activation and inflammation in HIV-1
infection: causes and consequences. J Pathol. 2008 Jan;214
(2):231–241. PubMed PMID: 18161758.

43. Sabin CA, Reiss P. Epidemiology of ageing with HIV: what can we
learn from cohorts? Aids. 2017 Jun 1;31(Suppl 2):S121–8. PubMed
PMID: 28471942.

44. Calza L, Colangeli V, Manfredi R, et al. Clinical management of
dyslipidaemia associated with combination antiretroviral therapy
in HIV-infected patients. J Antimicrob Chemother. 2016 Jun;71
(6):1451–1465. PubMed PMID: 26846208.

45. European AIDS clinical society (EACS) guidelines. version 9.1; Oct
2018.

46. Mocroft A, Lundgren JD, Ross M, et al. Cumulative and current expo-
sure to potentially nephrotoxic antiretrovirals and development of
chronic kidney disease in HIV-positive individuals with a normal base-
line estimated glomerular filtration rate: a prospective international
cohort study. Lancet HIV. 2016 Jan;3(1):e23–32. PubMed PMID:
26762990.

47. Gnjidic D, Hilmer SN, Blyth FM, et al. Polypharmacy cutoff and out-
comes: five or more medicines were used to identify
community-dwelling older men at risk of different adverse outcomes.
J Clin Epidemiol. 2012 Sep;65(9):989–995. PubMed PMID: 22742913.

48. Haefeli WE, Meid AD. Pill-count and the arithmetic of risk: evidence
that polypharmacy is a health status marker rather than
a predictive surrogate for the risk of adverse drug events.
Int J Clin Pharmacol Ther. 2018 Dec;56(12):572–576. PubMed
PMID: 30369395.

49. Lopez-Centeno B, Badenes-Olmedo C, Mataix-Sanjuan A, et al.
Polypharmacy and drug-drug interactions in HIV-infected subjects
in the region of Madrid (Spain): a population-based study. 14th
International Congress on Drug Therapy in HIV Infection; October
28–31; Glasgow; 2018.

50. Rasmussen LD, Kronborg G, Larsen CS, et al. Use of
non-antiretroviral drugs among individuals with and without
HIV-infection: a Danish nationwide study. Infect Dis (Lond). 2017
Jan;49(1):42–54. PubMed PMID: 27686116.

51. Guaraldi G, Malagoli A, Calcagno A, et al. The increasing burden
and complexity of multi-morbidity and polypharmacy in geria-
tric HIV patients: a cross sectional study of people aged 65–74
years and more than 75 years. BMC Geriatr. 2018 Apr 20;18
(1):99. PubMed PMID: 29678160; PubMed Central PMCID:
PMC5910563.

52. Greene M, Steinman MA, McNicholl IR, et al. Polypharmacy,
drug-drug interactions, and potentially inappropriate medications
in older adults with human immunodeficiency virus infection. J Am

EXPERT REVIEW OF CLINICAL PHARMACOLOGY 13



Geriatr Soc. 2014 Mar;62(3):447–453. PubMed PMID: 24576251;
PubMed Central PMCID: PMC4043391.

• Very first study analysing inappropriate medications in PLWH.
53. Holtzman C, Armon C, Tedaldi E, et al. Polypharmacy and risk of

antiretroviral drug interactions among the aging HIV-infected
population. J Gen Intern Med. 2013 Oct;28(10):1302–1310.
PubMed PMID: 23605401; PubMed Central PMCID: PMC3785656.

54. Justice AC, Gordon KS, Skanderson M, et al. Nonantiretroviral poly-
pharmacy and adverse health outcomes among HIV-infected and
uninfected individuals. Aids. 2018 Mar 27;32(6):739–749. PubMed
PMID: 29543653; PubMed Central PMCID: PMC5868488.

55. Krentz HB, Gill MJ. The impact of non-antiretroviral polypharmacy
on the continuity of antiretroviral therapy (ART) among HIV
patients. AIDS Patient Care STDS. 2016 Jan;30(1):11–17. PubMed
PMID: 26544766.

56. McNicholl IR, Gandhi M, Hare CB, et al. A pharmacist-led program
to evaluate and reduce polypharmacy and potentially inappropri-
ate prescribing in older HIV-positive patients. Pharmacotherapy.
2017 Dec;37(12):1498–1506. PubMed PMID: 29023938.

• Analysis of inappropriate prescribing in elderly PLWH.
57. Nunez-Nunez M, Castaneda-Macias I. Sandoval-Fernandez Del

Castillo, S. Potential interactions in a cohort of elderly hiv-positive
patients. Farm Hosp. 2018 Jul 1;42(4):163–167. PubMed PMID:
29959841.

58. Ssonko M, Stanaway F, Mayanja HK, et al. Polypharmacy among HIV
positive older adults on anti-retroviral therapy attending an urban
clinic in Uganda. BMC Geriatr. 2018 May 29;18(1):125. PubMed
PMID: 29843635; PubMed Central PMCID: PMC5975487.

59. Marzolini C, Back D, Weber R, et al. Ageing with HIV: medication
use and risk for potential drug-drug interactions. J Antimicrob
Chemother. 2011 Sep;66(9):2107–2111. PubMed PMID: 21680580.

60. Grant RW, Devita NG, Singer DE, et al. Polypharmacy and medica-
tion adherence in patients with type 2 diabetes. Diabetes Care.
2003 May;26(5):1408–1412. PubMed PMID: 12716797.

61. Monane M, Bohn RL, Gurwitz JH, et al. The effects of initial drug
choice and comorbidity on antihypertensive therapy compliance:
results from a population-based study in the elderly. Am
J Hypertens. 1997 Jul;10(7 Pt 1):697–704. PubMed PMID:
9234822.

62. Salazar JA, Poon I, Nair M. Clinical consequences of polypharmacy
in elderly: expect the unexpected, think the unthinkable. Expert
Opin Drug Saf. 2007 Nov;6(6):695–704. PubMed PMID: 17967158.

63. Shalansky SJ, Levy AR. Effect of number of medications on cardio-
vascular therapy adherence. Ann Pharmacother. 2002 Oct;36
(10):1532–1539. PubMed PMID: 12243601.

64. Kamal S, Bugnon O, Cavassini M, et al. HIV-infected patients’ beliefs
about their chronic co-treatments in comparison with their com-
bined antiretroviral therapy. HIV Med. 2018 Jan;19(1):49–58.
PubMed PMID: 28815917; PubMed Central PMCID: PMC5724507.

65. Fried TR, O’Leary J, Towle V, et al. Health outcomes associated with
polypharmacy in community-dwelling older adults: a systematic
review. J Am Geriatr Soc. 2014 Dec;62(12):2261–2272. PubMed
PMID: 25516023; PubMed Central PMCID: PMC4270076.

66. Pugh MJ, Palmer RF, Parchman ML, et al. Association of suboptimal
prescribing and change in lower extremity physical function over
time. Gerontology. 2007;53(6):445–453. PubMed PMID: 18309233.

67. Rawle MJ, Cooper R, Kuh D, et al. Associations between polyphar-
macy and cognitive and physical capability: a British Birth Cohort
Study. J Am Geriatr Soc. 2018 May;66(5):916–923. PubMed PMID:
29574684; PubMed Central PMCID: PMC6001617.

68. Shah BM, Hajjar ER. Polypharmacy, adverse drug reactions, and
geriatric syndromes. Clin Geriatr Med. 2012 May;28(2):173–186.
PubMed PMID: 22500537.

69. Thai L, Young M The impact of number of medications on falls in
aging persons living with HIV. 9th International Workshop on HIV &
Aging; September 13–14; New York; 2018.

70. Beers MH, Ouslander JG, Rollingher I, et al. Explicit criteria for
determining inappropriate medication use in nursing home resi-
dents. UCLA division of geriatric medicine. Arch Intern Med. 1991
Sep;151(9):1825–1832. PubMed PMID: 1888249.

71. Gurwitz JH. Suboptimal medication use in the elderly. The tip of
the iceberg. JAMA. 1994 Jul 27;272(4):316–317. PubMed PMID:
8028148.

72. Hanlon JT, Schmader KE, Ruby CM, et al. Suboptimal prescribing in
older inpatients and outpatients. J Am Geriatr Soc. 2001 Feb;49
(2):200–209. PubMed PMID: 11207875.

73. Hansen CR, Byrne S, Cullinan S, et al. Longitudinal patterns of poten-
tially inappropriate prescribing in early old-aged people. Eur J Clin
Pharmacol. 2018 Mar;74(3):307–313. PubMed PMID: 29177646.

74. Schmader K, Hanlon JT, Weinberger M, et al. Appropriateness of
medication prescribing in ambulatory elderly patients. J Am Geriatr
Soc. 1994 Dec;42(12):1241–1247. PubMed PMID: 7983285.

75. Dalleur O, Spinewine A, Henrard S, et al. Inappropriate prescribing
and related hospital admissions in frail older persons according to
the STOPP and START criteria. Drugs Aging. 2012 Oct;29
(10):829–837. PubMed PMID: 23044639.

76. Hamilton H, Gallagher P, Ryan C, et al. Potentially inappropriate
medications defined by STOPP criteria and the risk of adverse drug
events in older hospitalized patients. Arch Intern Med. 2011 Jun
13;171(11):1013–1019. PubMed PMID: 21670370.

77. Hedna K, Hakkarainen KM, Gyllensten H, et al. Potentially inap-
propriate prescribing and adverse drug reactions in the elderly: a
population-based study. Eur J Clin Pharmacol. 2015 Dec;71
(12):1525–1533. PubMed PMID: 26407684; PubMed Central
PMCID: PMC4643104.

78. Muhlack DC, Hoppe LK, Weberpals J, et al. The association of
potentially inappropriate medication at older age with cardiovas-
cular events and overall mortality: a systematic review and
meta-analysis of cohort studies. J Am Med Dir Assoc. 2017 Mar
1;18(3):211–220. PubMed PMID: 28131719.

79. Reich O, Rosemann T, Rapold R, et al. Potentially inappropriate
medication use in older patients in Swiss managed care plans:
prevalence, determinants and association with hospitalization.
PLoS One. 2014;9(8):e105425. PubMed PMID: 25136981; PubMed
Central PMCID: PMC4138178.

80. Kaufmann CP, Tremp R, Hersberger KE, et al. Inappropriate pre-
scribing: a systematic overview of published assessment tools. Eur
J Clin Pharmacol. 2014 Jan;70(1):1–11. PubMed PMID: 24019054.

81. Beers MH. Explicit criteria for determining potentially inappropriate
medication use by the elderly. An update. Arch Intern Med. 1997
Jul 28;157(14):1531–1536. PubMed PMID: 9236554.

82. Gallagher P, Ryan C, Byrne S, et al. STOPP (Screening Tool of Older
Person’s Prescriptions) and START (Screening Tool to Alert doctors
to Right Treatment). Consensus validation. Int J Clin Pharmacol
Ther. 2008 Feb;46(2):72–83. PubMed PMID: 18218287.

83. Chang C-B, Chen J-H, Wen C-J, et al. Potentially inappropriate
medications in geriatric outpatients with polypharmacy: applica-
tion of six sets of published explicit criteria. Br J Clin Pharmacol.
2011 Sep;72(3):482–489. PubMed PMID: 21557760; PubMed Central
PMCID: PMC3175518.

84. Desnoyer A, Guignard B, Lang P-O, et al. [Potentially inappropriate
medications in geriatrics: which tools to detect them?]. Presse Med.
2016 Nov;45(11):957–970. PubMed PMID: 27633589.

85. Curtain CM, Bindoff IK, Westbury JL, et al. A comparison of pre-
scribing criteria when applied to older community-based patients.
Drugs Aging. 2013 Nov;30(11):935–943. PubMed PMID: 24002743.

86. O’Mahony D, Gallagher P, Ryan C, et al. STOPP & START criteria:
a new approach to detecting potentially inappropriate prescribing
in old age. Eur Geriatric Med. 2010;1:45–51.

87. Dalleur O, Boland B, Losseau C, et al. Reduction of potentially
inappropriate medications using the STOPP criteria in frail older
inpatients: a randomised controlled study. Drugs Aging. 2014
Apr;31(4):291–298. PubMed PMID: 24566877.

88. Frankenthal D, Lerman Y, Kalendaryev E, et al. Intervention with the
screening tool of older persons potentially inappropriate prescriptions/
screening tool to alert doctors to right treatment criteria in elderly
residents of a chronic geriatric facility: a randomized clinical trial. J Am
Geriatr Soc. 2014 Sep;62(9):1658–1665. PubMed PMID: 25243680.

89. Gallagher PF, O’Connor MN, O’Mahony D. Prevention of potentially
inappropriate prescribing for elderly patients: a randomized

14 C. MARZOLINI AND F. LIVIO



controlled trial using STOPP/START criteria. Clin Pharmacol Ther.
2011 Jun;89(6):845–854. PubMed PMID: 21508941.

90. García-Gollarte F, Baleriola-Júlvez J, Ferrero-López I, et al. An edu-
cational intervention on drug use in nursing homes improves
health outcomes resource utilization and reduces inappropriate
drug prescription. J Am Med Dir Assoc. 2014 Dec;15(12):885–891.
PubMed PMID: 24895001.

91. Hill-Taylor B, Walsh KA, Stewart S, et al. Effectiveness of the STOPP/
START (Screening Tool of Older Persons’ Potentially Inappropriate
Prescriptions/Screening Tool to Alert doctors to the Right
Treatment) criteria: systematic review and meta-analysis of rando-
mized controlled studies. J Clin Pharm Ther. 2016 Apr;41
(2):158–169. PubMed PMID: 26990017.

92. Rudolph JL, Salow MJ, Angelini MC, et al. The anticholinergic risk
scale and anticholinergic adverse effects in older persons. Arch
Intern Med. 2008 Mar 10;168(5):508–513. PubMed PMID: 18332297.

93. Rochon PA, Gurwitz JH. Drug therapy. Lancet. 1995 Jul 1;346
(8966):32–36. PubMed PMID: 7603146.

• First paper describing the concept of prescribing cascade.
94. Gill SS, Anderson GM, Fischer HD, et al. Syncope and its conse-

quences in patients with dementia receiving cholinesterase inhibi-
tors: a population-based cohort study. Arch Intern Med. 2009 May
11;169(9):867–873. PubMed PMID: 19433698.

95. Rochon PA, Gurwitz JH. The prescribing cascade revisited. Lancet.
2017 May 6;389(10081):1778–1780. PubMed PMID: 28495154.

96. Kalisch LM, Caughey GE, Roughead EE, et al. The prescribing
cascade. Aust Prescr. 2011;34:162–166.

97. Kwan D, Farrell B. Polypharmacy: optimizing medication use in
elderly patients. Can Geriatr Soc J Cont Med Educ. 2014;4:21–27.

98. Rochon PA, Gurwitz JH. Optimising drug treatment for elderly
people: the prescribing cascade. BMJ. 1997 Oct 25;315
(7115):1096–1099. PubMed PMID: 9366745; PubMed Central
PMCID: PMC2127690.

99. Caughey GE, Roughead EE, Pratt N, et al. Increased risk of hip
fracture in the elderly associated with prochlorperazine: is
a prescribing cascade contributing? Pharmacoepidemiol Drug Saf.
2010 Sep;19(9):977–982. PubMed PMID: 20623516.

100. Corrao G, Botteri E, Bagnardi V, et al. Generating signals of drug-adverse
effects from prescription databases and application to the risk of
arrhythmia associated with antibacterials. Pharmacoepidemiol Drug
Saf. 2005 Jan;14(1):31–40. PubMed PMID: 15390219.

101. Gill SS, Mamdani M, Naglie G, et al. A prescribing cascade involving
cholinesterase inhibitors and anticholinergic drugs. Arch Intern
Med. 2005 Apr 11;165(7):808–813. PubMed PMID: 15824303.

102. Gurwitz JH, Avorn J, Bohn RL, et al. Initiation of antihypertensive
treatment during nonsteroidal anti-inflammatory drug therapy.
JAMA. 1994 Sep 14;272(10):781–786. PubMed PMID: 8078142.

103. Liu PT, Argento VS, Skudlarska BA. Prescribing cascade in an
80-year-old Japanese immigrant. Geriatr Gerontol Int. 2009 Dec;9
(4):402–404. PubMed PMID: 20002762.

104. Nguyen PV, Spinelli C. Prescribing cascade in an elderly woman.
Can Pharm J (Ott). 2016 May;149(3):122–124. PubMed PMID:
27212961; PubMed Central PMCID: PMC4860747.

105. Onder G, Bonassi S, Abbatecola AM, et al. High prevalence of poor
quality drug prescribing in older individuals: a nationwide report
from the Italian Medicines Agency (AIFA). J Gerontol A Biol Sci Med
Sci. 2014 Apr;69(4):430–437. PubMed PMID: 23913935.

106. Rosenberg J, Rochon PA, Gill SS. Unveiling a prescribing cascade in
an older man. J Am Geriatr Soc. 2014 Mar;62(3):580–581. PubMed
PMID: 24628637.

107. Vegter S, de Jong-van Den Berg LT. Misdiagnosis and mistreat-
ment of a common side-effect–angiotensin-converting enzyme
inhibitor-induced cough. Br J Clin Pharmacol. 2010 Feb;69
(2):200–203. PubMed PMID: 20233184; PubMed Central PMCID:
PMC2824482.

108. Veloso TS, Cambao MS. Migraine treatment: a chain of adverse
effects. Springerplus. 2015;4: 409. PubMed PMID: 26266080;
PubMed Central PMCID: PMC4530541.

109. Vouri SM, Chung JM, Binder EF. Successful intervention to mitigate
an acetylcholinesterase inhibitor-induced rhinorrhea prescribing

cascade: a case report. J Clin Pharm Ther. 2017 Jun;42(3):370–371.
PubMed PMID: 28251653; PubMed Central PMCID: PMC5516898.

110. Hakkarainen KM, Hedna K, Petzold M, et al. Percentage of patients with
preventable adverse drug reactions and preventability of adverse drug
reactions–a meta-analysis. PLoS One. 2012;7(3): e33236. PubMed PMID:
22438900; PubMed Central PMCID: PMC3305295.

111. Aronson JK. Balanced prescribing - principles and challenges. Br
J Clin Pharmacol. 2012 Oct;74(4):566–572. PubMed PMID:
22950551; PubMed Central PMCID: PMC3477323.

112. Brath H, Mehta N, Savage RD, et al. What is known about preventing,
detecting, and reversing prescribing cascades: a scoping review. J Am
Geriatr Soc. 2018 Nov;66(11):2079–2085. PubMed PMID: 30335185.

113. Ranzani A, Oreni L, Agro M, et al. Burden of exposure to potential
interactions between antiretroviral and non-antiretroviral medica-
tions in a population of HIV-positive patients aged 50 years or
older. J Acquir Immune Defic Syndr. 2018 Jun 1;78(2):193–201.
PubMed PMID: 29767640.

114. Tseng A, Szadkowski L, Walmsley S, et al. Association of age with
polypharmacy and risk of drug interactions with antiretroviral
medications in HIV-positive patients. Ann Pharmacother. 2013
Nov;47(11):1429–1439. PubMed PMID: 24285760.

115. Marzolini C, Gibbons S, Khoo S, et al. Cobicistat versus ritonavir
boosting and differences in the drug-drug interaction profiles with
co-medications. J Antimicrob Chemother. 2016 Jul;71
(7):1755–1758. PubMed PMID: 26945713.

116. Kumar P, Gordon LA, Brooks KM, et al. Differential influence of the
antiretroviral pharmacokinetic enhancers ritonavir and cobicistat
on intestinal P-glycoprotein transport and the pharmacokinetic/
pharmacodynamic disposition of dabigatran. Antimicrob Agents
Chemother. 2017 Nov;61. PubMed PMID: 28848011; PubMed
Central PMCID: PMC5655101.

117. Zhu L, Persson A, Mahnke L, et al. Effect of low-dose omeprazole
(20 mg daily) on the pharmacokinetics of multiple-dose atazanavir
with ritonavir in healthy subjects. J Clin Pharmacol. 2011 Mar;51
(3):368–377. PubMed PMID: 20457590.

118. Crauwels H, van Heeswijk RP, Stevens M, et al. Clinical perspective
on drug-drug interactions with the non-nucleoside reverse tran-
scriptase inhibitor rilpivirine. AIDS Rev. 2013 Apr;15(2):87–101.
PubMed PMID: 23681436 [Jun].

119. Kiser JJ, Bumpass JB, Meditz AL, et al. Effect of antacids on the
pharmacokinetics of raltegravir in human immunodeficiency
virus-seronegative volunteers. Antimicrob Agents Chemother.
2010 Dec;54(12):4999–5003. PubMed PMID: 20921313; PubMed
Central PMCID: PMC2981249.

120. Ramanathan S, Mathias A, Wei X, et al. Pharmacokinetics of
once-daily boosted elvitegravir when administered in combina-
tion with acid-reducing agents. J Acquir Immune Defic Syndr.
2013 Sep 1;64(1):45–50. PubMed PMID: 23774876.

121. Song I, Borland J, Arya N, et al. Pharmacokinetics of dolute-
gravir when administered with mineral supplements in healthy
adult subjects. J Clin Pharmacol. 2015 May;55(5):490–496.
PubMed PMID: 25449994; PubMed Central PMCID:
PMC4407950.

122. Pommier Y, Johnson AA, Marchand C. Integrase inhibitors to treat
HIV/AIDS. Nat Rev Drug Discov. 2005 Mar;4(3):236–248. PubMed
PMID: 15729361.

123. Chauvin B, Drouot S, Barrail-Tran A, et al. Drug-drug interactions
between HMG-CoA reductase inhibitors (statins) and antiviral pro-
tease inhibitors. Clin Pharmacokinet. 2013 Oct;52(10):815–831.
PubMed PMID: 23703578.

124. Song IH, Zong J, Borland J, et al. The effect of dolutegravir on the
pharmacokinetics of metformin in healthy subjects. J Acquir
Immune Defic Syndr. 2016 Aug 1;72(4):400–407. PubMed PMID:
26974526; PubMed Central PMCID: PMC4935531.

125. Zhang H, West SK, Vu A, et al. Lack of clinically relevant effect of
bictegravir on metformin pharmacokinetics and pharmacodynamics.
18th International Workshop on Clinical Pharmacology of Antiviral
Therapy; June 14–16; Chicago; 2017.

126. Gupta SK, Anderson AM, Ebrahimi R, et al. Fanconi syndrome
accompanied by renal function decline with tenofovir

EXPERT REVIEW OF CLINICAL PHARMACOLOGY 15



disoproxil fumarate: a prospective, case-control study of pre-
dictors and resolution in HIV-infected patients. PLoS One.
2014;9(3):e92717. PubMed PMID: 24651857; PubMed Central
PMCID: PMC3961428.

127. Psevdos G Jr., Gonzalez E, Sharp V. Acute renal failure in patients
with AIDS on tenofovir while receiving prolonged vancomycin
course for osteomyelitis. AIDS Read. 2009 Jun Jul; 19(6):245–248.
PubMed PMID: 19642243.

128., Ray AS, Fordyce MW, Hitchcock MJ. Tenofovir alafenamide: A novel
prodrug of tenofovir for the treatment of Human Immunodeficiency
Virus. PubMed PMID: 26640223. Antiviral Res. 2016 Jan;125:63–70

129. Liverpool HIV drug interactions website. [Cited 2019 Jan 15].
Available from: http://www.hiv-druginteractions.org

130. Toronto general hospital immunodeficiency clinic’s drug therapy
guide. [Cited 2019 Jan 15]. Available from: http://app.hivclinic.ca

131. University of California HIVInSite website. [Cited 2019 Jan 15].
Available from: http://hivinsite.ucsf.edu

132. Micromedex. [Cited 2019 Jan 15]. Available from: http://www.microme
dexsolutions.com

133. Lexicomp. [Cited 2019 Jan 15]. Available from: http://online.lexi.
com/lco/action.home

134. Krishna R, East L, Larson P, et al. Effect of metal-cation antacids on
the pharmacokinetics of 1200 mg raltegravir. J Pharm Pharmacol.
2016 Nov;68(11):1359–1365. PubMed PMID: 27671833.

135. Elliot ER, Theodoraki A, Jain LR, et al. Iatrogenic Cushing’s syn-
drome due to drug interaction between glucocorticoids and the
ritonavir or cobicistat containing HIV therapies. Clin Med (Lond).
2016 Oct;16(5):412–418. PubMed PMID: 27697800.

136. Saberi P, Phengrasamy T, Nguyen DP. Inhaled corticosteroid use in
HIV-positive individuals taking protease inhibitors: a review of
pharmacokinetics, case reports and clinical management. HIV
Med. 2013 Oct;14(9):519–529. PubMed PMID: 23590676; PubMed
Central PMCID: PMC3758391.

137. Siccardi M, Marzolini C, Seden K, et al. Prediction of drug-drug
interactions between various antidepressants and efavirenz or
boosted protease inhibitors using a physiologically based pharma-
cokinetic modelling approach. Clin Pharmacokinet. 2013 Jul;52
(7):583–592. PubMed PMID: 23479398.

138. Fulco PP, Zingone MM, Higginson RT. Possible antiretroviral
therapy-warfarin drug interaction. Pharmacotherapy. 2008 Jul;28
(7):945–949. PubMed PMID: 18576910.

139. Good BL, Gomes DC, Fulco PP. An unexpected interaction between
warfarin and cobicistat-boosted elvitegravir. Aids. 2015 May 15;29
(8):985–986. PubMed PMID: 25909832.

140. Hughes CA, Freitas A, Miedzinski LJ. Interaction between lopinavir/
ritonavir and warfarin. Cmaj. 2007 Aug 14;177(4):357–359. PubMed
PMID: 17698824; PubMed Central PMCID: PMC1942099.

141. Tseng AL, Luetkehoelter J, Walmsley SL. Increase in international
normalized ratio after switching from atazanavir/ritonavir to daru-
navir/cobicistat in a patient on warfarin: boosters are not always
equal. Aids. 2017 Jan 2;31(1):175–176. PubMed PMID: 27898595.

142. Welzen ME, van Den Berk GE, Hamers RL, et al. Interaction between
antiretroviral drugs and acenocoumarol. Antivir Ther. 2011;16(2):
249–252. PubMed PMID: 21447874.

143. Corallo CE, Grannell L, Tran H. Postoperative bleeding after admin-
istration of a single dose of rivaroxaban to a patient receiving
antiretroviral therapy. Drug Saf Case Rep. 2015 Dec;2(1):11.
PubMed PMID: 27747723; PubMed Central PMCID: PMC5005638.

144. Lakatos B, Stoeckle M, Elzi L, et al. Gastrointestinal bleeding asso-
ciated with rivaroxaban administration in a treated patient infected
with human immunodeficiency virus. Swiss Med Wkly. 2014 Jan;22
(144):w13906. PubMed PMID: 24452338.

145. Yoong D, Naccarato M, Gough K. Extensive bruising and elevated
rivaroxaban plasma concentration in a patient receiving
cobicistat-boosted elvitegravir. Ann Pharmacother. 2017 Aug;51
(8):713–714. PubMed PMID: 28351160.

146. Bravo I, Alvarez H, Marino A, et al. Recurrent coronary disease in
HIV-infected patients: role of drug-drug interactions. Br J Clin
Pharmacol. 2018 Jul;84(7):1617–1619. PubMed PMID: 29663482;
PubMed Central PMCID: PMC6005598.

147. Itkonen MK, Tornio A, Lapatto-Reiniluoto O, et al. Clopidogrel
increases dasabuvir exposure with or without ritonavir, and ritona-
vir inhibits the bioactivation of clopidogrel. Clin Pharmacol Ther.
2019 Jan;105(1):219–228. PubMed PMID: 29696643.

148. Marsousi N, Daali Y, Fontana P, et al. Impact of boosted antiretro-
viral therapy on the pharmacokinetics and efficacy of clopidogrel
and prasugrel active metabolites. Clin Pharmacokinet. 2018 Oct;57
(10):1347–1354. PubMed PMID: 29453687.

149. Busti AJ, Tsikouris JP, Peeters MJ, et al. A prospective evaluation of the
effect of atazanavir on the QTc interval and QTc dispersion in
HIV-positive patients. HIV Med. 2006 7;Jul(5):317–322. PubMed PMID:
16945077.

150. Glesby MJ, Aberg JA, Kendall MA, et al. Pharmacokinetic interac-
tions between indinavir plus ritonavir and calcium channel
blockers. Clin Pharmacol Ther. 2005 Aug;78(2):143–153. PubMed
PMID: 16084849.

151. Mukherjee D, Zha J, Menon RM, et al. Guiding dose adjustment of
amlodipine after co-administration with ritonavir containing regimens
using a physiologically-based pharmacokinetic/pharmacodynamic
model. J Pharmacokinet Pharmacodyn. 2018 Jun;45(3):443–446.
PubMed PMID: 29427135; PubMed Central PMCID: PMC5953987.

152. Malvestutto CD, Ma Q, Morse GD, et al. Lack of pharmacokinetic
interactions between pitavastatin and efavirenz or darunavir/rito-
navir. J Acquir Immune Defic Syndr. 2014 Dec 1;67(4):390–396.
PubMed PMID: 25202920; PubMed Central PMCID: PMC4404408.

153. Berretta M, Caraglia M, Martellotta F, et al. Drug-drug interactions
based on pharmacogenetic profile between highly active antire-
troviral therapy and antiblastic chemotherapy in cancer patients
with HIV infection. Front Pharmacol. 2016;7:71, PubMed PMID:
27065862; PubMed Central PMCID: PMC4811911

154. Chary A, Nguyen NN, Maiton K, et al. A review of drug-drug inter-
actions in older HIV-infected patients. Expert Rev Clin Pharmacol.
2017 Dec;10(12):1329–1352. PubMed PMID: 28922979.

155. Spano JP, Poizot-Martin I, Costagliola D, et al. Non-AIDS-related
malignancies: expert consensus review and practical applications
from the multidisciplinary CANCERVIH Working Group. Ann Oncol.
2016 Mar;27(3):397–408. PubMed PMID: 26681686.

156. Garraffo R, Lavrut T, Ferrando S, et al. Effect of tipranavir/ritonavir
combination on the pharmacokinetics of tadalafil in healthy
volunteers. J Clin Pharmacol. 2011 Jul;51(7):1071–1078. PubMed PMID:
21209236.

157. Muirhead GJ, Wulff MB, Fielding A, et al. Pharmacokinetic interac-
tions between sildenafil and saquinavir/ritonavir. Br J Clin
Pharmacol. 2000 Aug;50(2):99–107. PubMed PMID: 10930961;
PubMed Central PMCID: PMC2014393.

158. Kreutzwiser D, Tseng A. Drug interactions between antiretrovirals
and drugs used to treat benign prostatic hyperplasia/lower urinary
tract symptoms. Expert Opin Drug Metab Toxicol. 2016 Oct;12
(10):1211–1224. PubMed PMID: 27376653.

159. Bickel M, Khaykin P, Stephan C, et al. Acute kidney injury caused
by tenofovir disoproxil fumarate and diclofenac co-administr-
ation. HIV Med. 2013 Nov;14(10):633–638. PubMed PMID: 23980-
564.

160. Dooley KE, Sayre P, Borland J, et al. Safety, tolerability, and phar-
macokinetics of the HIV integrase inhibitor dolutegravir given
twice daily with rifampin or once daily with rifabutin: results of
a phase 1 study among healthy subjects. J Acquir Immune Defic
Syndr. 2013 Jan 1;62(1):21–27. PubMed PMID: 23075918.

161. Taburet AM, Sauvageon H, Grinsztejn B, et al. Pharmacokinetics of
raltegravir in HIV-infected patients on rifampicin-based antituber-
cular therapy. Clin Infect Dis. 2015 Oct 15;61(8):1328–1335.
PubMed PMID: 26105170.

162. Atwine D, Bonnet M, Taburet AM. Pharmacokinetics of efavirenz in
patients on antituberculosis treatment in high human immunode-
ficiency virus and tuberculosis burden countries: a systematic
review. Br J Clin Pharmacol. 2018 Aug;84(8):1641–1658. PubMed
PMID: 29624706; PubMed Central PMCID: PMC6046471.

163. Stader F, Kinvig H, Battegay M, et al. Analysis of clinical drug-drug
interaction data to predict magnitudes of uncharacterized interac-
tions between antiretroviral drugs and comedications. Antimicrob

16 C. MARZOLINI AND F. LIVIO

http://www.hiv-druginteractions.org
http://app.hivclinic.ca
http://hivinsite.ucsf.edu
http://www.micromedexsolutions.com
http://www.micromedexsolutions.com
http://online.lexi.com/lco/action.home
http://online.lexi.com/lco/action.home


Agents Chemother. 2018 Jul;62(7):e00717–18. PubMed PMID:
29686151; PubMed Central PMCID: PMC6021627.
• Paper demonstrating how the proportion of metabolism via
a given cytochrome can impact the magnitude of drug–drug
interactions. In addition, the paper provides a simple method
to predict the magnitude of drug–drug interactions between
antiretroviral drugs and comedications.

164. Fromm MF, Dilger K, Busse D, et al. Gut wall metabolism of ver-
apamil in older people: effects of rifampicin-mediated enzyme
induction. Br J Clin Pharmacol. 1998 Mar;45(3):247–255. PubMed
PMID: 9517368; PubMed Central PMCID: PMC1873368.

165. Lorgunpai SJ, Grammas M, Lee DS, et al. Potential therapeutic
competition in community-living older adults in the U.S.: use of
medications that may adversely affect a coexisting condition. PLoS
One. 2014;9(2): e89447. PubMed PMID: 24586786; PubMed Central
PMCID: PMC3934884.

166. Penfornis A, Kury-Paulin S. Immunosuppressive drug-induced
diabetes. Diabetes Metab. 2006 Dec;32(5 Pt 2):539–546. PubMed
PMID: 17130815.

167. Casado JL, Santiuste C, Vazquez M, et al. Bone mineral density
decline according to renal tubular dysfunction and phosphaturia
in tenofovir-exposed HIV-infected patients. Aids. 2016 Jun 1;30
(9):1423–1431. PubMed PMID: 26919733.

168. Dorjee K, Baxi SM, Reingold AL, et al. Risk of cardiovascular events from
current, recent, and cumulative exposure to abacavir among persons
living with HIV who were receiving antiretroviral therapy in the United
States: a cohort study. BMC Infect Dis. 2017 Oct 27;17(1):708. PubMed
PMID: 29078761; PubMed Central PMCID: PMC5660446.

169. Nozza S, Malagoli A, Maia L, et al. Antiretroviral therapy in geriatric
HIV patients: the GEPPO cohort study. J Antimicrob Chemother.
2017 Oct 1;72(10):2879–2886. PubMed PMID: 28605493.

170. Edelman EJ, Gordon KS, Glover J, et al. The next therapeutic
challenge in HIV: polypharmacy. Drugs Aging. 2013 Aug;30
(8):613–628. PubMed PMID: 23740523; PubMed Central PMCID:
PMC3715685.

171. Boyd CM, Darer J, Boult C, et al. Clinical practice guidelines and
quality of care for older patients with multiple comorbid diseases:
implications for pay for performance. JAMA. 2005 Aug 10;294
(6):716–724. PubMed PMID: 16091574.
• Interesting paper discussing the concept of “patient-oriented
” versus “disease-oriented” models of care.

172. Tinetti ME, Bogardus ST Jr., Agostini JV. Potential pitfalls of
disease-specific guidelines for patients with multiple conditions.
N Engl J Med. 2004 Dec 30;351(27):2870–2874. PubMed PMID:
15625341.

173. Boyd CM, Lucas GM. Patient-centered care for people living with
multimorbidity. Curr Opin HIV AIDS. 2014 Jul;9(4):419–427. PubMed
PMID: 24871089; PubMed Central PMCID: PMC4144702.

174. Martin P, Tamblyn R, Benedetti A, et al. Effect of a pharmacist-led
educational intervention on inappropriate medication prescriptions
in older adults: the D-PRESCRIBE randomized clinical trial. JAMA.
2018 Nov 13;320(18):1889–1898. PubMed PMID: 30422193;
PubMed Central PMCID: PMC6248132.

175. Scott IA, Hilmer SN, Reeve E, et al. Reducing inappropriate poly-
pharmacy: the process of deprescribing. JAMA Intern Med. 2015
May;175(5):827–834. PubMed PMID: 25798731.

176. Medstopper. [Cited 2019 Jan 15]. Available from: http://medstopper.
com

177. Deprescribing. [Cited 2019 Jan 15]. Available from: http://depre
scribing.org

178. Drenth-van Maanen AC, Leendertse AJ, Jansen PAF, et al. The
systematic tool to reduce inappropriate prescribing (STRIP): com-
bining implicit and explicit prescribing tools to improve appropri-
ate prescribing. J Eval Clin Pract. 2018 Apr;24(2):317–322. PubMed
PMID: 28776873.

179. Soiza RL, Subbarayan S, Antonio C, et al. The SENATOR project: devel-
oping and trialling a novel software engine to optimize medications
and nonpharmacological therapy in older people with multimorbidity
and polypharmacy. Ther Adv Drug Saf. 2017 Mar;8(3):81–85. PubMed
PMID: 28382196; PubMed Central PMCID: PMC5367661.

EXPERT REVIEW OF CLINICAL PHARMACOLOGY 17

http://medstopper.com
http://medstopper.com
http://deprescribing.org
http://deprescribing.org

	Abstract
	1.  The ‘graying’ of the HIV epidemic
	2.  Age-related changes in pharmacokinetics and pharmacodynamics
	3.  Age-related comorbidities in PLWH
	4.  Polypharmacy
	5.  Prescribing issues in elderly
	5.1.  Inappropriate prescribing
	5.2.  Prescribing cascade
	5.3.  Drug–drug interactions with antiretroviral drugs

	6.  Conclusion
	7.  Expert opinion
	Funding
	Declaration of interest
	Reviewer disclosures
	References



