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Abstract:

Background: There has been a rising prevalence of polypharmacy among people living with
HIV (PLWH). Uncertainty however remains regarding the exact estimates of polypharmacy
among these cohorts of patients.

Methods: We conducted a systematic search of PubMed; EMBASE, CROI, Cochrane Database
of Systematic Reviews; Science Citation Index and Database of Abstracts of Reviews of
Effects for studies between 1 January 2000 and 30 June 2021 that reported on the prevalence
of polypharmacy (ingestion of >5 non-ART medications] among PLWH on antiretroviral
therapy regimen (ART). Prevalence of polypharmacy among HIV-positive patients on ART
with Clopper-Pearson 95% confidence intervals were presented. The heterogeneity between
studies was evaluated using /* and 2 statistics.

Results: One hundred ninety-seven studies were initially identified, 23 met the inclusion
criteria enrolling 55,988 PLWH, of which 76.7% [95% confidence interval (Cl): 76.4-77.1]
were male. The overall pooled prevalence of polypharmacy among PLWH was 33% (95% ClI:
25-42%) (12 = 100%, 12 = 0.9170, p <0.0001). Prevalence of polypharmacy is higher in the

Americas (44%, 95% Cl: 27-63%) (12 = 100%, 12 = 1.0886, p <0.01) than Europe (29%, 95% ClI:

20-40%) (12 = 100%, t2 = 0.7944, p<<0.01).

Conclusion: The pooled prevalence estimates from this synthesis established that
polypharmacy is a significant and rising problem among PLWH. The exact interventions that
are likely to significantly mitigate its effect remain uncertain and will need exploration by

future prospective and systematic studies.
Registration: PROSPERO: CRD42020170071

Plain Language Summary

Background: In people living with HIV (PLWH), what is the prevalence of polypharmacy and
is this influenced by sociodemographic factors?

Methods and Results: In this systematic review and meta-analysis of 23 studies comprising
55,988 participants, we have for the first time found an estimated polypharmacy pooled
prevalence of 33% among PLWH. There was a relatively higher pooled prevalence of
polypharmacy among the America’s compared with European cohorts of PLWH.
Conclusion: Polypharmacyamong PLWH isarising morbidity that needs urgentintervention
both at policy and patient levels of care.
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Introduction

An increasing proportion of multimorbidities has
been associated with people living with HIV
(PLWH).!-3 This is principally as a result of
increasing survival of this cohort of patients since
the advent of antiretroviral therapy (ART) drugs.?
It is estimated that almost 50% of all PLWH are
over 50years of age in the United States.!
However, this salutary survival benefit is often
complicated by a demonstrable rise in number of
comorbidities in these patients and at times excess
mortality, some of which is attributable to thera-
peutics-associated multimorbidity.#° One area of
increasing concern is polypharmacy associated
with non-HIV therapeutics, often against a back-
ground of decreasing burden of HIV-related
medications.”

While there is still no consensus on the exact defi-
nition of polypharmacy in both PLWH and the
general population,®10 its reported burden on
both populations continues to rise.!>'2 Among
these includes the risk of drug-drug interac-
tions,!314 drug—food interactions, drug—alcohol
interactions, adverse drug reactions, pharmaco-
genetic interaction,!> as well as noncompliance
due to rising pill burden.!® Despite uncertainty
with regard to outcomes of studies exploring this,
a rising pill burden regardless of its aetiology
(whether HIV or non-HIV related) is associated
with increased risk of nonadherence to ther-
apy.17-1® The most validated definition of polyp-
harmacy is taking more than five non-HIV
medications.8 The overall prevalence of polyphar-
macy among PLLWH is variable, but it is estimated
to range between 18% and 33%.1°-21 Among the
range of patient- and/or system-related factors
reported to account for this variability includes
differences in study design, patient populations,
as well as case definition of polypharmacy.22-22-24

Determining the exact burden of polypharmacy
among PLWH is crucial in understanding and
devising therapeutic interventions aimed at
addressing it. This will also have additional ben-
efit in informing decisions regarding medicines
commissioning, as well as inform policy and prac-
tice around polypharmacy in PLWH. Despite
studies specifically designed to address the exact
phenotype and prevalence of polypharmacy
among this population, a systematic synthesis of
the overall prevalence estimates has remained
unexplored. The most recent attempt is a

narrative which examined the varied phenotypes
of polypharmacy among PLWH, factors impact-
ing on them, as well as expert opinion on meas-
ures that are likely to mitigate them.?> A systematic
examination of studies investigating the preva-
lence as well as the global trend of polypharmacy
among PLWH (by way of a meta-analysis) is long
overdue.

In this study, we have for the first time carried out
a synthesis of studies exploring the burden of
polypharmacy among PLWH through a system-
atic review and meta-analysis with the aim of
ascertaining the exact prevalence of this morbid-
ity among these cohorts of patients. We addition-
ally explored the global trends of factors driving
any apparent variability in prevalence estimates.
This is with the view to identifying areas of inter-
vention for both physicians as well as policy
makers.

Methods

We followed the Preferred Reporting Items for
Systematic  Reviews and  Meta-Analyses
(PRISMA) procedure for the study selection as
shown in Figure 1. This systematic review and
meta-analysis was registered in the PROSPERO
database (CRD42020170071).

Data Sources and Searches

All publications between 1 January 2000 and 30
June 2021 were searched from the following data-
bases: PubMed; EMBASE, CROI, Cochrane
Database of Systematic Reviews; Science Citation
Index and Database of Abstracts of Reviews of
Effects. The following medical subject headings
(MESH) terms were used: HIV [tiab] OR antiret-
roviral [tiab] AND polypharmacy [tiab]. We
included all studies (irrespective of design) that
reported on the prevalence of polypharmacy
among PLWH on ART regimen. Other studies
involving PLWH on antiretroviral drugs in addi-
tion to some other drugs (for associated comor-
bidities) were also included.

Study Selection

Following an initial literature search from the
databases, we removed duplicates and then car-
ried out study eligibility assessment from the
resultant abstract. For those studies where this
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Figure 1. PRISMA flow chart for study selection.

was not possible, we retrieved the full text version
to ascertain eligibility and inclusion in the review.
Two reviewers (MID and MAB) independently
assessed each study for the possibility of inclusion
in this review based on the predetermined inclu-
sion criteria. However, in cases where a disagree-
ment occurred, this was resolved either by
consensus or by adjudication by a third reviewer
(AA). Thereafter, we combined an agreed final
list of all studies that meet the following eligibility
criteria: Studies published in English Language
between 1 January 2000 and 30 June 2021; age of
patients more than 18years; PLWH; patients
must be on ART regimen and on more than five
other drugs. All studies that failed to meet the
inclusion criteria were excluded from this system-
atic review.

Data Extraction and Study Quality Assessment

All studies that comprised PLWH on any of the
ART drug combinations as part of a treatment
regimen and on more than five non-HIV medica-
tions (polypharmacy) published between 1 January

2000 and 30 June 2020 were included. Two
reviewers (MID and MAB) developed a data col-
lection form for the extraction of data from
included studies. The following variables were
extracted from each study: Last name of the first
author and the year of publication; study centre/
location; number of PLWH; number of polyphar-
macy patients; statistics on number of medications
and age; median CD4 count and viral load; ART
type; median comorbidities; median co-medica-
tions; percentage of chronic comorbidities; median
time since ART initiation; median since HIV diag-
nosis and Hepatitis B/Hepatitis C coinfection.

Quality and risk of bias assessment was carried
out using the Loney criteria to assess the quality
of the included prevalence studies.? The Loney
criteria comprise eight critical appraisal check-
lists. These include sample size, sampling ade-
quacy, unbiased sampling frame, measures of
outcomes, unbiased assessors, response rate with
refusals described, prevalence with confidence
intervals and by relevant subgroups, and appro-
priate description of study subjects for the
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research question. One point was allocated for
each criterion met. Scores range between zero to
eight, with higher scores denoting good study
quality. For each study, methodological scoring
system were used to rate the quality of each study
on the prevalence of polypharmacy. Two inde-
pendent reviewers carried out screening for meth-
odological quality of the included studies utilizing
this tool. In the unlikely event of disagreement,
this was resolved by consensus or by the third
reviewer (AIA).

Statistical Analysis

Descriptive statistics such as median and inter-
quartile range were calculated for age and sample
size, frequencies and percentages were reported
for categorical data. For the included studies in
the meta-analysis, we quantified the pooled esti-
mates (with inverse-variance weights) of preva-
lence of polypharmacy among PLWH on ART
using random effects meta-regression analysis??
with Clopper—Pearson?® confidence limits for
binomial proportion. We assessed the heteroge-
neity between studies with / 2 statistic and 7 sta-
tistic.2° The 7? thresholds of 25%, 50% and 75%
represent low, moderate and high between-study
variances, respectively, while a 72 value of zero is
an indicative of no heterogeneity.3? We visualized
the small-study effect and publication bias with
funnel plots3! and inference was made using
Egger et al.’s test.32 Subanalysis included preva-
lence of polypharmacy by geographical location,
and we estimated the pooled median of number
of medications across studies. Also, as a sensitiv-
ity analysis, we recalculated the pooled estimates
based on risk of bias threshold. Statistical analysis
of the proportion of polypharmacy was conducted
in ‘R’33 package ‘meta’3* while pooled median
estimate was implemented in ‘metamedian’.3>

Results

Characteristics of included studies

One hundred ninety-seven studies were identi-
fied from the initial literature search. We excluded
160 studies following the screening of titles and
abstracts. The reasons for exclusion are laid out
in Figure 1. Thereafter, 35 potentially relevant
studies were selected for full text review, of which
2321,36-57 grudies satisfied the inclusion for the
network meta-analysis. The source of data for

the selected studies ranged from HIV outpatient
clinics and University/Tertiary hospital pharma-
cies to multicentre AIDS cohort studies (Table
1). All included studies were published between
2014 and 2021, with most of the studies con-
ducted in Europe (13, 56.5%) and America (7,
30.4%). See Map figure.

Overall, there were 55988 PLWH included in
this meta-analysis, of which 76.7% [95% confi-
dence interval (CI): 76.4-77.1] were male
(Table 2). The median age of patients ranged
from 31 years [interquartile range (IQR): 26-36]
to 70years (IQR: 68-74). The range of median
CD4 count and undetectable viral load were
350—659 cells/ul and 50.9-96.9%, respectively
(Table 2). Patients in the studies were on vari-
ous combinations of ART with most of the stud-
ies reporting a combination of nucleoside reverse
transcriptase inhibitors (NRTI), non-nucleoside
reverse transcriptase inhibitors (NNRTTI), and
protease inhibitors (PI) (Table 2). The median
time since diagnosis of HIV in the included stud-
ies ranged between 4 and 19years (Table 2).
Patients in the selected studies were also on
treatment for a variety of chronic medical condi-
tions. The most common reported comorbidities
for each study are presented in Table 2. In most
studies, hypertension, ischemic heart disease,
type II diabetes mellitus and dyslipidaemia
appeared to be the most common comorbidities
in patients (Table 2). The prevalence of Hepatitis
B virus (HBV) and Hepatitis C virus (HCV)
infections were also reported in several studies
and the range were 5-13.8% and 10-66.2%,
respectively (Table 2).

Prevalence of polypharmacy

For inclusion in this review, we determined that
studies must have a score of >5 (suggesting
robust methodological quality on the Loney crite-
ria).26 Figure 2 presents the contour-enhanced
funnel plot of the included studies with different
significant levels. The plot did not show a sign of
publication bias (Figure 1), which was confirmed
with egger’s test for small-study effects (—=0.93, p
value = 0.7631). Detailed results of the meta-
analyses are presented in Figures 2 and 3. The
overall pooled prevalence of polypharmacy among
PLWH was 33% (95% CI: 25-42%) (Figure 2).
The subgroup meta-regression showed a higher
pooled prevalence of polypharmacy of 44% (95%
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Table 1. Characteristics of selected studies.

Study Year? Country Data source Risk of bias®
Cantudo-Cuenca et al.%¢ 2002-2011 Spain Phar?maceutical care office of a hospital pharmacy 5
service
Gimeno-Gracia et al.4’ 2011 Spain University hospital pharmacy 6
Gimeno-Gracia et al.% 2014 Spain University hospital pharmacy 5
Guaraldi et al.52 2006-2018 Italy Modena HIV Metabolic Clinic Cohort Study 5
Guaraldi et al.® 2015-2016 Italy GEPPO 7
Halloran et al.%* 2013-2016 UK/Ireland POPPY 6
Holtzman et al.5® 2006-2010 USA HIV Outpatient Study (HOPS) cohort 4
Justice et al.% 2010-2015 USA N/A 6
Kara et al.57 2015-2016 Turkey N/A 5
Kim et al.37 2012-2014 USA Safety-net HIV clinics. 5
Krentz et al.38 2011-2013 Canada Southern Alberta Clinic Cohort (SAC), 5
Lopes etal.%? 2016 Germany German health insurance claims database (InGef] 4
Lopez-Centeno et al.%0 2017 Spain Madrid Health Service 4
Mata-Marin et al.4’ 2015 Mexico “La Raza” National Medical Center 7
Mazzitelli et al.42 2009-2019 UK Chelsea and Westminster Hospital NHS 4
Foundation Trust
Morillo-Verdugo et al.43 2014 Spain Tertiary Hospital 7
Nozza et al.* 2015-2016 Italy GEPPO 5
Okoli et al.45 2019 Multiple Multiple 8
Patel et al.4¢ 2008-2010 UK HIV outpatient clinic 6
Siefried et al.48 2013-2015 Australia Australian sexual health clinics 8
Ssonko et al.*? 2015 Uganda Mildmay Uganda outpatient HIV/AIDS care centre 5
Ware et al.2! 2004-2016 USA Multicenter AIDS Cohort Study (MACS) 8
Ware et al.% 2004-2016 USA MACS 8

aYear of data collection.

bHigher scores suggest better study quality?: ‘likely unbiased’ (7-8), 'some suggestion of bias’ (5-6) and ‘substantial suggestion of bias’ (<4).
GEPPO: GEriatric Patients living with HIV/AIDS: a Prospective Multidimensional cOhort (GEPPO), Italy; POPPY: Pharmacokinetic and Clinical
Observations in People Over 50 (POPPY] study, England and Ireland.

CIL: 27%-63%) in North and South America
compared with 29% (95% CI: 20-40%) in
European countries (Figure 3). The overall het-
erogeneity was significant for both overall analysis
(I2 = 100%, p<0.0001) and subgroup analyses
(2 = 100%, p<0.01) and (12 = 100%, p<0.01)

for the Americas and European studies, respec-
tively. The reported median number of medica-
tions used reported in the studies varied from 2.8
(IQR: 0—4) to 8 IQR: 5-11). The pooled median
number of medications was estimated to be 4
(95% CI: 4-6.48) (Figure S2).
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Map showing the geographical the distribution of reviewed studies

Map.

We also performed a sensitivity analysis by cate-
gorizing the studies by risk of bias ‘likely unbi-
ased’ (7-8), ‘some suggestion of bias’ (5-6) and
‘substantial suggestion of bias’ (<4). Based on
this categorisation, the estimated pooled preva-
lence of polypharmacy ranged from 30% (95%
CI: 17-46%) in studies with medium bias to 44%
(95% CI: 35-46%) for studies with high risk of
bias (Figure S1).

Discussion

To the best of our knowledge, this study repre-
sents the first systematic evaluation of the preva-
lence of polypharmacy among PLWH as well as
the global trend of factors associated with its vari-
ability. We explored the longitudinal data of over
55,988 patients from over 24 countries and terri-
tories. We found the overall pooled prevalence of
polypharmacy among PLWH was about 33%.
There was a proportionately higher prevalence of
polypharmacy in the Americas (44%) compared
with European countries (29%) (Figure 4).

Seriesl

I5

Despite significant heterogeneity across all stud-
ies included in the review, we found reliable cer-
tainty with regard to the overall pooled estimate
of the period prevalence. The prevalence esti-
mates reported from this systematic review and
meta-analysis consolidates on the overall burden
reported by recent studies exploring the case bur-
den of polypharmacy among PLLWH cohorts.?1:58

Our findings underscore the gravity of the rising
burden of polypharmacy among PLWH and the
pressing need to adopt some of the interventions
that have been proven to reduce the burden of
polypharmacy in the general non-HIV popula-
tion. Among these include timely drug prioritiza-
tion, drug reconciliation and statutory review of
all medications with every opportunity provided
by patient contact.’® The most recent study to
evaluate the prevalence of polypharmacy in
PLWH reported an estimate of about 33.1%, a
prevalence rate comparatively higher than non-
HIV positive patient cohorts in the study.?! Their
prevalence estimates were consistent with
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Figure 2. Contour-enhance funnel plot of the 23 included studies in the meta-analysis. The vertical and
the diagonal dashed lines represent the overall estimated effect size and its 95% Cl while the shaded area

represent different significance levels for the effect sizes, respectively.

findings from our review.'® Where uncertainty
exists from polypharmacy prevalence studies in
PLWH, this has principally revolved around the
initial lack of consensus regarding the exact defi-
nition of polypharmacy.%® Intake of greater than
five non-HIV medications is generally defined as
polypharmacy, although there remains lack of a
unifying consensus around this.

The significant heterogeneity in the prevalence
estimates we observed among the studies included
in this review may be due to several factors. Some
of these include differences in the methods of adju-
dication of polypharmacy, study design, as well as
the geographical disposition of areas where the
studies were carried out. In addition, the differ-
ence in the mean age of the constituent studies
appears to stratify the point prevalence of polyp-
harmacy. Studies with a higher median age of
69years (66.7-72.0) such as the recent report by
Gimeno-Gracia et al.’® showed a higher overall
pooled prevalence compared with those reporting
on a younger population cohort. The median age

of patients in our review ranged between 31 years
(IQR: 26-36) and 70years (IQR: 68-74) and per-
haps accounts for the relatively lower overall preva-
lence of 33% in this synthesis. Furthermore,
stratifying studies included in the review based on
the risk of bias resulted in different prevalence esti-
mates. Studies with medium risks had polyphar-
macy rates of about 30%, whereas those with high
risk reported prevalence estimates of about 44%.
The 33% overall prevalence of polypharmacy
reported in this review therefore appears closer to
the estimate with a reasonably low risk of bias.

The phenotype of polypharmacy in the PLWH
has long been reported to contrast with that of the
general population.!%4> PLWH cohorts with poly-
pharmacy have been suggested to be younger and
therefore more likely to live longer with both the
epidemiological as well as the therapeutic conse-
quences of polypharmacy.!® This observation is
consistent with a recent longitudinal series
reported by Krentz and Gill*® which found that
nearly one in every four patients in that study
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Figure 3. Meta-analysis of the proportion/prevalence of polypharmacy among HIV positive.

between the ages of 31 and 45years experienced
polypharmacy. Since the advent of ART and the
increasing survival of PLWH, the therapeutic
challenge in the overall scheme of their manage-
ment has long been predicted to shift to polyphar-
macy. And this is likely to remain so for the
foreseeable future, considering the frantic sus-
tained search for optimal treatment for ever bal-
looning comorbidities.

The multiclass ART regimen on their own are
typified by complex pharmacokinetics, which
provides a setting for potential serious drug—drug
interactions. What has been studied and reported
thus far are predominantly bidirectional interac-
tions. However, other permutations such as drug—
food, drug-alcohol and pharmacogenetic
interactions!®> have increasingly been reported

lately. The spectre of potential permutations and
combinations of interactions that could possibly
occur when a rising census of medications taken
together remains unexplored and continues to be
subjects of ongoing therapeutic concerns.

Strength

The principal strength of this synthesis lies in its
novelty at estimating the overall pooled preva-
lence of polypharmacy among PLWH. It has for
the first time provided physicians and policy mak-
ers a systematic synthesis of the true burden of
polypharmacy among this cohort of patients.

Limitations
The high proportion of heterogeneity between
studies included in our review accounted for
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Figure 4. Meta-analysis of the proportion/prevalence of polypharmacy among HIV positive, by world region

(America and Europe).

some of the imprecise point estimates, but this is
unlikely to significantly influence the reported
prevalence as the rate of 33% is within the ball-
park reported from recent studies. In addition,
this review has not examined the impact of polyp-
harmacy on health-related quality of life, perhaps
by far one of the most important real-life conse-
quences of this morbidity.

Conclusion
The pooled prevalence estimates from this synthe-
sis established that polypharmacy is a significant

and rising problem among PLWH. The exact
interventions that are likely to significantly mitigate
its effect remain uncertain and will need explora-
tion by future prospective and systematic studies.
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